


HAYL]HO-TEXHI4L.IECKAN, NPOTI3BOICTBEHH6M A YTIESHO-METOETqECKIA1 XYPHAII

MaTepuailbrr
3

20r8

sarqnra ldsla.ercfl, c rrroJrr 2003 r.

Perconendoeaa BAK ilm nydnuxal4au p$yrtbmamoe duccepmaquil Ha couctcaHae cmeneneil rcaHdudama u dorcmopa nayrc
no cnequoJrbHocmu <rTexHottozuu 3/tercmpoxuMuqectcttx npoqecco? u saulums om Koppo3uu>.

C 2007 r )rypHaJI nepeBoAl4rc\ Ha aHrnr4itcruit -f,3brK 14 BbrnycKaercrr H3,trare--rbcrsotr "Pleiodes Publishing, Ltd"
KaK npI4JIoxeHI4e I( xypuaty.."Protection of Metals and 'hysical Chemistry of Surfaces". pacnpocrpaHeHr4e Koroporo
ocyuecTBnrrer 143naTeJrbcTBo " Jpnnge r ".

Pyccxoasrrvmafl.Bepavtr)KypHaJla BKJrroqeHa n 6asy Russian Science Citation Index (RSCI) Ha rurar@oprnle Web of Science.
flepeno4naa Bepcvfl )gpHaJIa BXoArlT B Me)KryHapo4nrre peQepausHr,re 6asbr raHHbx cucre\t uxrupoBaHr.rrr (un4ercupouanua):
Academic OneFile, Academic Search, CSA, ChemWeb, Chemical Abstracts Service (CAS). Computing and Technology, Current
Contents/Engineering, EBSCO, El-Compendex, Earthquake EngineeringAbstracts, Gale, Google Scholar, INIS Atomindex, INSPEC,
Journal Citation Reports/Science Edition, OCLC, ProQuest, SCImago, SCOPUS, Science Citation Index Expanded (SciSearch),
Summon by Serial Solutions.

IrasHuft peAarcop

aKareMrrK PAH A. IO. UI'IBM3E
3anrecunear uraBHoro peAaKTopa

A-p )orM. uayr, npoQ.
IO.14. KY3HEUOB

Peraruuouuag KoJrJIetIIt
ABAEEB fl.I, A-p xr4M. HayK, AorI.
AJIUbIEEEBAA.14., A-p rexn. nay<, npoQ.
AHAPEEB H.H., a-p xr.rM. Ha).K
FAHHbIX O.A.. axa.neurar PAH
EEPEXHA-fI A.L,4-p xvnr. HayK, Aorr.
EYPJIOB B.B., A-p rexH. HayK
BAIPAM-tIH TA., g-p rexu. uayr, npo@.
IOJIOBIIH B.A., 4-p rexn. nayr
3OJIOTOB IO.A., axaAerr,rrzx PAH, npo@.
KAEJIOB E.H., ara4eurar PAH, npog.
KAPIIOB B.A.,4-p rexn. nayr
JIEOHTbEB lI.2., arca.uervrur PAH
MAPIIIAKOB A.I4.,.q-p xrau. nayx, npog.
OJIEI4HI4K C.B., raHa. xrrM. HayK
PEIIIETHI4KOB C.M., A-p xr4M. uayr, npoS.
CEP|I4EHKO 8.I4., axaseuur PAH, npo@.
CTEIIAHOBA B.@., ara4eurar< PLIA, npoS.
TAPAHUEBA K.P., A-p xralr. uayx, npoQ.
TOMI4H B.fI.,4-p rexn. nayr
IIIEI4H A.8., A-p y,r4M. nayr, npog.
IIIEPEAKOB A.[1., ,4-p xrra. HayK

OrnercrnenHuft cerperapl

KalrA. xr4M. HayK

A.M. CEMI4JIETOB

IIpu uctrotttooonuu nqmepuMoo NyItMa o tn6oi $opme
cctura ra wypnot odreamutaa,

3a docmoeepuocmt unQoput4uu u geuwbt omaemcmoeflflocmb
Becym a6mop6t u peu(uooamuu,

Aapec peaaxur.m: 1052 1 5, Mocrna,
9-a flapronax yn., 4. 60
e-mail. admin@nait.ru

http:f f www.nait.ru
Ten / @axc. (49 5) 99 5 - 4 5 -23,

(49s) 988-98-67
O OOO <rHalra n rexHo.florilfir>, 2018

colEPrffAHr{E

OE3OPHbIE CTATbI{

Eypnon B. B. Oco6eHHocrtr Ao6br.ru, flo.rlroroBrgr

14 nepepa6oTKr4 HeoTeft c nostilxeHHbl\r co.rlepxaHr4eM

conerl. Kopposux o6opylona[vr vt cHcre\ra 3arrlr4Tbr .......... 1

OTPACJIEB bIE IIPOEJIEMbI KOPPO3 HI4

Vlcaena H. A. . JIonqHH[roBa E. C. Kolrrulexc noe

LICCneAOBaHI4e Ilpoqec COB COJIeOTJTOXe Hrrs ]r KOpp O3I4I4

B npoqecce Ao6brr{r4 Heorpl Ha MecTopoxne[Hvr

MaHrucraycKoril o6nacrtr pecrry6rurar Ka3axcraH .. . . . . ... . . . . 1 8

SArUr4THbIE IIO KPbrTI4fl

Oneftuux C.B., Pyguen B.C.; Kyremon 0.A.,
flponax T.[., Tpy6eqxar I.@., He4osopon fI.M.
B lntfirvre ronrrlr4Hbr lI I O - n o rp brrr4ft Ha MarH r4e B oM

cfIJIaBe MA8 Ha r4x 3arrlr4THbre cBoft cTBa ......... .... ............... 23

MI4KPOBI4OJIOTI4qECKAfl KOPPO3PIfl

Ka"runuua II.I., IprapraJrr.reBa K.3., Iepacuuens B.[.,
3axapon C.B., Kruxon M.A. OwrrurlrHzur
14 6I4oIIuAHas aKTr4BHocTb HaHocrpyKTypHbD( qacrHU

cepe 6pa B BoAHort r4 opraHutrecKo ft .[Hc nepcrur{
Kpa3nI4rIHbIMKJTaCCaMMI4KpOOpraHr,I3\fOB .......28



OS3OPHbIE CTATbI4

YIK 620.193:665.6

Oco6 eHHo crrfl Eo 6rrtril, nogroroBK til tr ilepepa6 orrcn
ue$refi c norbrrueHHbrM cotrep>KaHrfleM colefi.
I(oppo stlfi, o 6 opygoBaHlrfi rr clrcreMa 3arrllrrbr
B.B. BypnoB, E-p rexu. HayK = 

t

OOO "HIIO "ItrE@TH{|4M"
I 96 1 58, P@, C ant<t-Ilerep6pr, yn. Ilynxoscxa-*, I 0

e-mail : burl or/2 0 I 2 @ icloud. c o m

Crarrs rocrlmr4na B peAaKrlrtrc 12.07.2017

Paccnorpen ore.recrseuHnrfi onbrr no BbrrBJreHilo oco6eHuocrefi
go6uvll, noAroroBxrr n nepepa6orxt neQrr.r c rroBbtrrreHnbrM coAep-
rl<aHI,leM coaeft, ropposuN o6opygonauur u cxcreubr ero gan{urbr.

Ha nprruepe Thlaxaucxono HeQreraeorongeHcaruoro Mecropo-
x(4eHufl paccMorpenbr oco6ennocrn Ao6nqra n nepepa6orxu He$rn
trpI,r npnMeHeufin xoJroAHoro gaBoAHeHnr. Paspa6orana lt BHeApeHa

cr{creMa Barrlr{Tbr or Koppo3uu o6opygonauut, ocHoBaunar na npu-
MeneHr.rlr xr.rMnKo-TexHoJroruqecxl{x MeroAoB.,{.n saqnru o6opy-
,qoBaHnfl uetTpa noAroroBKu cbrpbr peKoMeu.qorauo nnrn6uponanue
noroxa cnpoft HeQrn. Ilpea.lo)Keua MeroAo,nonur nn6opa onrt-
MaJrbHbD( rrapaMerpoB pexo{Ma o6ecco,[ilsanux ne$rn c BbrcoKnM

co4epxanuem conefi.

Ktnveeate uoea: neQmt c BbtconuM codepcrcanuen coaefr, npoeuo-
3UIOEAHAe U MOdelUpOCAnUe COtteom"ttqilCehLfl' Jt eXAHALM CO,teOm.rtO-

memodot sat4umu om ,eopposuu

u coJteomfioucevuu,

oBpeMeHHa.fl ueQrruan npoMbrrrrJreHHocrb xa-
paKTepr.r3yeTc.fl 3Haqr4TeJrbHbrMr4 ocJroxHeHlr-
sMIa ycnoBuft Ao6rr.rz pr gKcrrJryararlr,ru 6olr-

rrrlrHcrBa ue@renponrbrcJroB. Ocnosuoe KoJrvqecrBo
BblcoKorrpoAyKTr4BHbrx Mecropox4 er^vit u sanexeft
Bcrynl{no -B rro3AHroro craAl{ro paspa6orru, KorAa
cHr,DKaercs Ao6rrqh r4 pe3Ko Bo3pacraer o6soAueH-
Hocrr ue@r u lI, 21. E olee roro, r4HreHcr4BHo gKcrrny-

arl4pylorcs Mecropox4enu.a He@rra c rroBbrrrreHHbrM
coAepxaHr,reu coneft.

B Hacronulee BpeMJr oKoJro 80%r,cefineSru n P@

4o6rrnaercx c npr,rMeHeHrreM TexHoJrorr4rl xoJroAHoro
3aBoAHeHLrs [21. Ipoqeccrr 4o6nrvlr, c6opa, rroAro-
ToBKrr He$ru 14 peMoHTHtre pa6orrr ocro)KH.flrorc-fl
npo6neuarrllr, cBq3aHHbIIr,tz c o6pasoBaHl4eM croftxrax
ue$rrurrx euylrcraft , orJroxeHwrrrlu acQaltro-cMo-
Jrr,rcrbrx Berqecrr lr napaQr4HoBbrx yrJreBoAopoAoB, He-
opraHr,rqecK[x c_o-reft , rr4lparoB yrJreBoAopoAoB r{ Ap.,'9
Hzuruql4eM MexaHr4qecKr4x npuvreceft s Ao6rrsaeMorZ
I,r rpaHc r oprupyenorZ neQru.

ero He roJrbKo 3arpyAH{er oKcnnyararrnro o6opy-
AoBaHr4.fl ra rpy6onpoBoAoB, Ho 14 crroco6crnyer yne-

Jrr{rreHrrro ux Koppo3r,ur. Orltoxeura.fl yMeHbrxaror npo-
xoAHbre ceqeHll-fl Tpy6onponoAos, qro BJreqer sa co6oft
pocT BHyTpeHHero AaBJIeHvfl vr MexaHr4qecKr,rx Hanp.fl -
xeHuft n MeriurJre. B raxrax ycroBr4flx Me)KpeIuonruuft
neplro4 pa6orbr rrpoMbrcJronrrx rpy6onpoBoAoB cyqe-
crBeHHo yMeHbrrraercx [ 3] . flpo6nervra ycyrydtnerct
TeM, qTO OTIOXeHI4.fl, KaK [paBr.IIO, I'IMeIOT CIOXHUTZ

cocTaB, a coAep)KaHr{e KoMrroHeHToB Mo)KeT MeHgTbcg.

B rrrr4poKr4x flpeAeIrax, qro 3aTpyAH.rreT MoHr4Topr{Hr

r.rx o6pasonanr.rx.
B nacrosrqeft crarre paccMorpeH oreqecrBeH-

nlrft onrrr ro Bbr-flBreHrarc oco6ennocrerl Ao6rrqu,
rroAroroBKr,r u nepepa6orxz ueQrerl c noBbIIIreHHbIM
coAep)GHr4eu coneft.

llpo6nervrnr paspa6orxJ.r cxBaxr{H
npu npr{MeHeHr{rr 3aBoAHeHI{t

flpr,r p aspa6 orxe ne@r.aHux rrre crop oxAenrafi
c rrpI4MeHeHr4eM 3aBoAHeHr,rfl [por4cxoAsT rI,IApo-
xI4MI,IqeCKr4e I43MeHeHr{q, CKa3hIBaIOrUI4eCg Ha $Op -
Mr,rpoBaHrlr4 rrJracroBbrx noA, Ao6rrsaeMblx norlyrHo
c ue$mrc. Qrsara.rxoft BoAbr B He$r.anou rrJracre
o6pasyercr cRoxnar rranoroKoMrroHeHTHa.rr cr4creMa:

3aKaqr4BaeMa.fl BoAa-ru acT oBas,soAa-Heorb c pac -
rBopeHHbrM ra3oM-[opoAbr nnacra [3]. flo uepe
oKcrrnyararlzra ne$:raHnx MecropoxAeHrnrZ crsaxutrrr
o6soAH.f,rorca. Co4epxantre rrJracroBori soArr B cKBa-

xranuorZ rp oAyKrrr,rr4 p acrer r4 M oxer Ao crtr rurr 9 5 %,
rIogTOMy BIDKHO 3HaTb, KaKOe BlrurflIIt4e OKa3bIBaIOT

rrJracroBbre BoAbr Ha 4o6u.ry ue@ru. B nnx BcerAa
pacrBopeHH pa3nzqHbre corlur) no 6oluue Bcero
BoAbr co4ep)car xrropr4Asr (,qo 80-90% or o6rqero
coAepxaHr,rs) [1-5].

"I(oppoerfi: Mar€prarrbr, 3arrlm€)> Ne 3/2018
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Munepa.rrn3arl[r rr orJroxeHrrq coJreft

Munepalusarlr4.fl BoAbr orleHr,rBaerc.fl no coAep-
)KaHr{rc pacrBopeHHtrx colerZ (n r/l). flo creneHu
MVHepUTU3A\Vil macToBbre BoAbr \eIrtrTcs. Ha qeTbr_

pe rr,rna: pacconbr (>50 r/l), coJreHbre (10-50 r/n),
conoHoBarbre (1-10 rf l), npecuue ((1 r/t). Tvn
Macrosorl soAbr orrpeAe.lrerc_s coorHorrreHr4eM r4oHoB
pacrBopeHHux colerZ [1-5]:

. aHlroHoB: OH-, Cl-, SOi2, COtr-, HCOi; i,

. Karr4oHoB: H*, K*, Na*, NHf , Mg2*, Ca2*, Fe3t;

. r4oHoB Mr4KpogJreMeHToB: I-, Br-;

. KoJrJror,rAHhrx qacrvrl SiO2, Fe2O3 , .NzOsi

. Ha$TeHoBbrx Kr4cJror vt ux cotefr.
Coreo6pasoBaHr4e rrpr4 paspa6oxe He@ru - cJro)K-

Hurt npoqecc, o6yclouesurrft KaK rrpr4poAHbrMr{, raK
r,r rexHoreHHrruz @axropaMr4. O6raeHrasaqcb c nopo-
4oft ruacra-KorureKropa 14 rrJracroBbrMpr )Kr4AKocrsMr4,
3aKaqr4BaeMaq B 3zure)Kb no4a $opuzpyer onpeAeneH-
Hrrrl xuN,rz.recruft cocraB. flo nperatryxlecrBeHHoMy
coAep)KaHr4ro HeopraHr4r{ecKr4x colerZ pa3nr,Fraror rpr4
ocHoBHbre rpynnbr nau6olee qacro Bcrpeqarcuuxcs
ouoxenuft: cylr$arHue, rap6ouarHbre r,r xnopr.rA-
Hrre. B qacrHocrr4, Anfl MecropoxAennrZ 3anaAnor?
Ctt6ttpu xap aKTepHrr rap 6ou arHbre orJro)Ke HV _fl ,

a Vpalo- flpr4BoJr)r(cKoro perraoHa - cylt$arnlre.
Xlopu4Hue coJreorJroxeHr4s qatqe Bcrperrarorc s. nplr
.qo6n.re rasa [1].

Conesrre orro)KeHr4q o6pasyorca c npeo6la4a-
Hr{eM cneAyroilIr4x coneft: Kanbrlr4Ta CaCO3, runca
CaSOa '2H2O, aHrr,rAprrra CaSOa, 6apvrraBaSOa, 6a-
pr,rrouenecrraua Ba(Sr)SOa, raaura NaCl. Ha nos4Hux
cr a4urflx p asp a6orxra np o.fl Brsrorcs orro)Ke H vr cy nb -
Sz4on, rJraBHbrM o6pasoru, xeJre3a. B qelolr coJreBbre
oTJroxeHllfl He tBI_rrIoTC.fl MOHOMVHep[UbHbTMI4 I,I UMe-
Ior cJroxHbrrZ cocran, BKnroqaronltrft ruuHepa-trHyo
pr opraHr4r{ecKyro qacrb. Hapx4y c yrneBoAopo.{aMrl
Ir [poAyKTaMrl Koppo3r4r4, rro AaHHbrM tttccte4onannft.,
B cocraBe coJreBrrx orJroxeuurZ uoryr npr{cyrcrBoBarb
qacTr4rlbr ropHbrx flopoA.

XuN{}r.{ecrr4ri cocras npoMbIcJIoBbIX BoA rrocro-
.flHHo MeH.flercfl rro uepe nupa6orrz ne@ru, uro 06-
ycnoBnItBaeT u3MeHeHlIe BO BpeMeHlI cocTaBa coJleBbrx
ornoxeHurl pr r4HTeHcr4BHo crr.r ux @opruup or,alalr'fl .
Bo4rr pasuoro cocraBa npr4 rrocryln eHvrvr r4x B cKBa-
)KI4Hy Moryr 6um xr4n{ra.recKr4 HecoBMecrzMbl vr npr4
cMerrreHz r.r o6pas onrrnarb oc aAKn KoMnneKcHbrx
corerZ [4]. Bsaralro4eftcrnyl c nopo4oft rrJracra-KoJr-
neKTopa v c rrJIacroBbIMI4 SlrcIalarr,ru, Bo,ua, KaK caMa.fl
tvto6utrcuas. v qyrKas crrcreMa, Hecer uusopvraqun
o BHyrpr{nnacreBbrx lpoqeccax - cop6tlttu v ae-
cop6quz, azQdysuu, rroHHoM o6rueue, rvrApdrarrfir
r4 Ae rr4Ap aT a\!rr4, p acTB op eH r4 Ir t4 Bbru eJr aqvBaH.ul4,

oca4xoo6pa3oBaHurr coreir, ocMorl4qecKux, $vm,-
Tparlr4oHHrrx r4 Apyrr4x cKpbrrbrx or rJra3 $usvro-xu-
MrrqecKr4x twteuvtx [5, 6].

B p esylmare r43 M eH e Hr4ft renaneparyp br, gLaBrreHntl

14 CMeIIIeHI{S XUMI4qeCKI4 HeCOBMeCTI{M6IX BOA npl4
ABIDKeHr4lr Bo4oue@ranoro rroroKa no crBony cKBa)o,r-
HbI r{ B cr{creMe Ha3eMHoro BHyrpr4rrnacroBoro c6opa
I4 rlolroroBru ue@rn r43 nepecbrrrleHHbrx cornMrr
pacrBopoB npovcxoAr4T BbrrraAeHrre ocaAron. Eclu
@axroprr, croco6crnyrorI1ue HacbrrrleHr,rrc corrflMvr
3aKarruBaeMlrx n ue@rqHrre 3arex(v p.nfl noAAep-
xaHvlfl rrJIacToBoIo I.aBJIeHpIfl, BOA, MOXHO OTHeCTI{
K npl4poAHbrlr, ro o6pasoBaHue coJreBbrx ouoxeszrZ
6omurefi qacrbro rBrserc.fl pe3ynbraroM TexHoreHHoro
aeirunvtl2l.

Vcrosra.fl r4 npr4qr{Hbr orro)KeH[.fl xap6ouaruux
coleft 6oree pasuoo6pasHbr, qeM [pr4qr4Hbr o6paso-
BaHt4q. Apyrux coleft, Bcrpeqarorlr4xcfl, B HeQrenpo-
N4rrcr o s o ft np aKTr{Ke. O c Hos HrrN,I Ia @ arrop arr,ru,
Bnr4qnilIr4Mr4 Ha I{HTeHcunuocrr o6paaonauux xap6o-
HaTa KUUIbUUq, flBIrflto"tcfl. noBbrrrleHl,Ie TeMIIepaTypbI,
cHlDKeHr4e coAepxaHr,rn CO2 B rrJracroBbrx r4lrr,r croq-
HrIX Bo.qax, yBeJluqeHr{e zx pH, cMerrreH}re HecoBMe-
crr4Mbrx BoA [2]. MgCO3 BbrrraAaer r{s pacrBopa paHb-
rrre CaCOr, ecnu npor4cxo.4r,rr cMerrreHze BoA, oAHa

Ir3 Koropbrx, coAep)Karrlafl.Ca2t,ME'* t Co3- , naxo-
Ivrr c s. B p aBH o B ec H oM c o cros H vkr, a lpyr as. o 6 o rarqe -
HA I'IOHAMII Mg'-.

OrroxeHrae rplrca B cKBDIc4He qacro Bbr3BaHo
re oJloruq e cKI,IM crp oeHI4eM 3alexefi , cracrevrorZ
ux paspa6orKrr r4 oco6ennocrsMr,r gKcrrny ara\hv.
OcHosuas rpuq[Ha BbI na1eHvfl.rzull4Ta - cHIIDKeHI{e
TeM[IepaTypbr r4 AaBJreHr4q, npuBo.qrilIee K nepecbrrue-
HI4IO BO.q COJTbIO, r{TO npoucxo4rr IIpu o6so.qHeHzu
cKBa)c4H rrJracroBbrMlr BoAaMr.{ Tr4rra paccolon [2].
Bce uacroBbre Bo.qbr c Mr,rHepanrrsarlueft 300 r/n
neo6xo4rarvro npoBep.flTb Ha Bbrrra.qeulre ralura. Eclz
M ecrop o)KAeHr4 e p a3p a6 arrrsaercq 3 aBoAHeHr,reM
npecnoft no4ori, ro o6pasonaHue ralr{ToBrrx upo6ox
He [Ipoptcxo.4r4l TaK KaK onpecHeHr4e nonyTHbrx BoA
B cKBzDKlrHax ero [pe.qornparqaer [1, 2].

I,Iure H c r,r@urlr4pyer o c ax,{eHr4 e I arrur a p acrB o -
peuHrrrl n He@rra ras. Iagoerre ny3brpbKr4, o6ta1as.
rroBbrrrreHHoIZ sraroer4rocrblo, <(orHuMalor> qlacrylo
BOAy r43 npr4po.qHoro paccoJra, KoHrleHTpr,rpyq ero.
EclIa 4erasaqraa He$ru u a'tvtHaercs.erle B rrJracre r,rJrr4

s6rfirsv sa6o.fl oKBzDKI,IHrI, To npaKTurIecKI4 Ha BceM
IIyTI,I nOAbeMa BOAbr AO yCTbfl CKBa)C4Hbr UMerOTC.fl
yc noBl.dfl An.fl KoHrIeHTp A\r4r[ rrJr acToBoro p ac c ona.
H ao 6 op or, e ctu sa6 oirHo e AaBneHr4e 3H aqr4reJrbHo
npeBblrxaer AaBneHVe HacbruleHr{r ue@ru ra3oM,
To Aera3 aur4fl Haqr4Haercs B BepxHe fi.'racrkr HacocHo -
KoMrIp eccopuoro rpy6onpoBoAa v Kpt4cr umbr coJrr4

o6rr.{uo yHocqrcs c noroKoM.

.dtropposnr: Mareprarrr, aaugrra' Ne 3/2018
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Mexanugu o6paeonauur orJro)r(eHr.rs coleft
MexauugN{ o6pasonanv-fl orJro)Ke rtvs, coteit

paccMaTpr4BaeTcq KaK coBoKyrrHocTb npoqeccoB,
o6ycrouuBaroqt4x HaKorrreHr4e rnep4oft Saslr
Ha noBepxHocru o6opy4oBaHvfl [1, 4, 8, 9]. O.qHaxo
HeT e.qvHolo MHeHI,IS OTHOCT,TTeJIbHO 3aKpenneHl4S
coJreBbrx qacrr4rl Ha [oBepxuocru He$TenpoMbrcnoBo-
ro o 6 opy4 on aHVs. kr r e opvrv r4x Kp H crann vsa\ywr ilpvt
Ao6rr.re He@ru. Pesylr,rarrr r4ccneAoBaHraft nogsorqroT
KoHcrarr4poBarb, qro orJro)r(eHr4e colefr ecrb npoqecc
Nraccosoft Kpr,{crannr,r3 a\vLr vr3 nepecbrrleHHbrx pac -
TBopoB, BKnroqarour4rl eranu sapo4uueo6pa goBanvrs,

p o cTa Kpr4 craJrn oB 14 rrep e Kpr4cT ulnv3a\vpt c oJr e B o ro
ocTaTKa, Koropbre MoryT rrpoTeKarb looqepeAHo unr4
oAHOBpeMeHHO.

eru npoqeccbr ocyilIecrBr-flrorc.s npfi cno)KHbrx
Ir4ApO - r4 TepMOAr4HaMr4qeCKr,rX ycnoBr4.f, X B npr4Cyrcr-
nzu ne@rxubrx KoMrroHeHroB, rasosoft Qasu u Mexa-
HlIqecKV x npuruecetl, Bnr{fl IoIrII4x Ha I,IHTeHcLrBHocrb
HaKorrJreHr4.rr, xapaKTep u ceor?crsa ocaAxos. Zg-
3A CNOXHOCTI'T MEXAHI43MA KPI,ICTAJINId3A\VV MOXHO

rzrur na6lrcAarb 3a Mr.,rKpoxraHeruxoft, KorAa cKopo-
cru o6pason aHVfl lr poc'ta Kpr4craJrnoB orrpeAeJrrrrorc.fl
Ha ocHoBaHr4r{ IaHHbrx 06 ugnleueHrar4 KoHueHTpaqr{r4
pacTBopeHHoro BerqecrBa r4 rpaHynoMeTpr,FrecKoro
cocraBa BbrnaAarorlefi rnep4oft @astr.

OcHosHHe MexaHn3Mbr o6pasonauus correit
n ueSraHux cKBa)o4Hax npr,r paspa6orKe Mecropox-
Aeuuft [1] cneayrouue:

. CHIII)I<OHVO {.aBneHldfl, I{ IIOBbIIIIOHI,IO TeMIIepaTy-
prr,4o6unaermtx @lrcra4oB npr4BoAt4T K BbrAeJreHlrrc
pacrBopeHHoro CO2 B ra3oByro @asy u BbrrraAeHr,rn
ocaAKa CaCO3;

. cHrDKeHVe Cco, B pacrBope [pr4BoAr4T KyMeHb-

rrreHlrrc C"r"or, pocry pH pacrnopa r4 3Haqr4reJrbHo

cHrDKaer pacrBopr{Mocrr CaCO3 ;

o o6H.rHo Ao6rrsaervra.fl soAa coAepxr4r Ca2* ,B** ,

Sr2*, u cMeIIreHI,Ie I4x c 3aKaql4saelroft no4oft, co.qep-
xarqelZ cylr,Qarlr, [pr,rBoAr{T x o6pasonaHrzro Hepa-
crBopr4Mbrx cylrQaron, TaKlrx xa< 6apnr, rleJrecrr,rH,
rr{rrc r.r aHrr,rApt4T:

Ba2* (sr2n, ca2* ; + sol- -+
-+ BaSOo J (SrSOo,CaSOo);

. npu cMerrreHr{r4 @lrora4on, r4Merorlr4x B cocraBe
H2S, c $lrora4aura, coAep)<axrlrMrr Fe2*, Zn2* tutyt
Pb2*, o6pasyrorcr B KaqecrBe orroxenuft cyrr$u.qu;

. r4crrapeHrre BoAHbrx pacTBopoB rrpr4 KoHTaKTe
c o6opy4onarrr4eM c BbrcoKorZ reuleparypoft npuno4ur
K nepeHacbllq'eHurc pacrBopr{Mblx coJreri, TaKI4x KaK
xJIOpI{Abr, qTO IpI4BOAI4T K BbrCaJII4BaHr4rO.

XoroAHoe 3aBoAHeHr{e

B pesyrrrare HaKorrJreHrarr orrbrra npr{MeHeHr4s
xonoAHoro 3aBoAHeHr,rfl BbrqBl,uucb He ToJIbKo Bo3-
MO)KHOCTT4 sroro MeTOAA, HO 14 TpyAHO pa3penr,rMbre

npo6lelmr t 1 -31. [o6uva He$rr,r corpoBo)KAaerc.s
ee cMeIIrp{BaHr{eM c BH}'rpr4nnacrosoft soAoft tt o6pa-
3oBaHlreM oMynbcr4r{. @ op urzponaHr,rrc gMynbcrlr4

cnoco6crsyror npr{cyrcrByrorur4e B He$rr.r nprapo4Hue
gMynbraroplr (acQalrreHr,r, cMoJrbr r.r rBepAbre [apa-
@uuu) 14 Ar4cneprurpoBaHHbre s Heft MexaHprtrecKr4e

npl4Mecr4. flpu npuueHeHrrr{ 3aBoAHeHufl. Ha 3€urexax,

coAepxarqr4x BbrcoKonapa$uuucryro ne$rt (>5%),
npv cHr4xeHxr4 TeMnepaTypbr B rrJracTe rosBr.flroTc.fl
Kpr,rcraJrJrbr napaQraHa [3].

llptI 6onuuoM coAep)KaHr4r,r MexaHr4qe cKr4x npr4 -
vecefiycvutuBarorcq r.reuoc rpy6 u o6pasonaur{e orJro-
xenuft n o6opy4onaHr4r4, qro cHr,DKaer Koe@Ququenr
reuronepeAaqv u npor.r3BoAr.rTeJrbHocTb ycTaHoBoK.

Ilpucyrcroue uracroBorZ so.qH n ueQrn yAopo)Kaer

ee rpaHcrroprr,rpoBKy ra nepepa6orr.y [2,10]. Cleayer
o6parnrt BHI4MaHI4e Ha ro, rITo rlpr{ 3aBoAHeHr,IuI xI4-
Ir,rra.recKllft cocTaB Ao6Hearcqux cKBzl)KI,IH MeHgeTc.f,

B Ar4ana3oHe Mr4Hepiurr4sarlufi or 3aKaqr.rBaeNlorZ soAr,r

Ao IrnacroBoilt vrte stwtsercs pe3ynlTaroM lrx npocroro
cMerrreHu.fl n cno6o4uol,r o6teue u qacro colpoBo-
Xlaercs o6pasonanzeM KoMrrJreKcurrx coneri [1, 4].

Orouy cnoco6crnyer r,r3MeHeHrle pH cpe4u pac-
rBopoB (n npr.r6nuxeHufl,KpH ruracronolZ no4rr, r.e.
paBHoBecHbrM IIJIaCTOBbIM yCnOBI4.fl M, KaK rlpaBprJro,

6nusKra I\a x Heftrpamnrrru). Heilrcpatrusauu.fl conpo-
BOX4aeTC.fl rr{Aponr,r3oM KOMTTOHeHTOB 3aKaquBae-
Mbrx BoA. flocxolrry s nracrosoft BoAe coAep)Karc.rr

Ca2* u Mgt*, Bo3Mo)KeH rr4Aponr{3 I4MeHHo 9TI,IX

coreft, rpr4ireM, corJracHo [6], npexq4e ncero MgCl2,
aue CaCl2. Oro Naenser cocraB BoA, 3Haqr4T KoHueH-
Tpar\lrs.KoMrroHeHToB 3aBr.rcr4T orpH cpeAbr 14 flpore-
KaHtrfl. KoHKypr.{pyronlr4x peaKrlt4 fi ll, 7 1.

MaxculranrHas KoHrleHTpa\vfl. Ca2* u Mg2* ua-
6rrcAaerc.fl B rr;racroBorZ soAe s xzcrorl cpe4e flpu
MaKcr{MirJrbHoM coAep)KaHr.{kt rr,rApoxap6onar-raonon

HCOI . Viieruqe Hr.{e KoHrIeHr p a\vv orrrx r4oHo B

u cnuxeuhe pH no4rr npr4xoArrrcs Ha [epr4oA pocra
rrpoHl4llae MocTr4 IIJIaCTOB t4 CHI4XeHVS IIaCTOBOTO
g:aBreHr4fl. B rlenoM no Mecropox4eHr4ro. flpn ynem.r-
qeHr4r,r pH yuerucJrorHoe paBHoBecve cABzraercfl

n cropouy o6pa3oBaHr4;r Kap6ouar- uouon ( C O,2 
- ), vro

cnoco6crnyer o6pasonaur4ro oca,qKoB rap6onara xalr-
r\lrfl,rr MarHr4s B nopax rracra. B xraclorZ cpeAe cMe-
ru eHr.I e rap 6 oH arn oro p aBH o B e cr4fl, np olacxoArzr

B cropoHy o6pasonauua HCO|, qro cnoco6crByer
qacrr{qHoMy pacrBopeHuro xap6oHaros Ca2* v Mg2*
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OE3OPHbIE CTATbI4

I4 yB en r4q e Hr4ro Ko HrIe H Tp aiJvtv rr4Ap oKap 6 oH ar - r4 oH a

B TINACTOBOfr BO.IIE,

Kpoue roro, ocaAKLr Moryr Bcrynarb B peaKur,rv
c KoMrroHeHTaMv pacrBopa: OH -, H+, co6crneHHbrMr,r
r{oHaMr,r, nocrop oHHr4Mr4 BerrlecrBaur,r. B orAeJrbHbrx
CN}^IA.flX 3A CiIET KOHTAKTA C KI4CJIbIMI{ N TIEIOqHbIMI4
cpeAaMr4 Mo)Ker npor4cxoAr,rrb qacTulrHoe pacrBopeHr4e

IIOpOA, Cnamroqr,rx rJrac\ c nocne.qyrotrlr4Mr{, [paKTr,r-
qecKr4 HeKoHTp onr4pyeMbrMr.r Bropr4r{HbrMra o 6p aso -,,

BaHr4flMr4 ocaAKoB. OluorZ r43 nputrvH o6pa:onaHr4x'
ocaAKoB Mo)Ker 6r,rrr, sseAeHr,re co croiIHbIMLr BoAaMr4

KOMIIOHeHTOB, peaII4pyIOIII4X C KOMIIOHeHTaMH rura-
crosorz BoAbr, B pe3ynsTare qero o6pasyrorca ocaAKr4

6es zgMeHeuvx pH pacrBopoB.

Ilpra onpe4eJreHHbrx ycnoBr,r-flx [epecbrqeHHbre
corqMr{ pacTBopbr Moryr AoJrroe BpeM.s ocTaBaTbc.rr

cra6ulrnrrMl{, He frpoflBnfl,fl. cKJIoHHocrr{ K oca,u-
roo6pasonaHrlro [7]. HapyneH]rro cra6ulrHocru
cnoco6crryer norraAaHr,re MexaHr4qecxux npzueceft
r4 npo.qyKToB Koppo3r,rr4, KoTopbre cTaHoBrTc.[ rIeH-
Tp aMr,r Kpt4cTalInv3aur4t4, a TaIoKe pa3nl,IqHble BI4.qbI

xr4Mr4qecKorl o6pa6orru. Ha ouoxeuue coneft Moryr
oKa3blBarb BJrvtflHVe vt rexHoJrorl,IqecKl4e oco6ennocrn
paspa6orxz 3alexerl, HanpuMep aKTr4BHocrb crlcre-
MbI 3aBOAHeHI,Lf, C nOBbIIUeHHbIM AaBneHI4eM.

O6qenpunsrrrrt uero4 onp eAeneHr4.fl Hiur vrqvA vurvl

oTcyTcTBr.r.fl paBHoBecr4.fl B cr4cTeMe ocaAoK-pacTBop
r4cxoAr4T r,r3 cpaBHeHr,rq npor43BeAeHr4rr pacrBopr{MocTr4

MarropacrBopr,rMoro coeAr,rHeHu.f, ((") c npoz3BeAeHr.{-
eM aKrr{BHocreft ronos A u B (aa u as) fll.

IlporuosupoBaHue rr MoAeJrrrpoBaHr{e

coJleoTi[ox(eH[f

flocxonrry 6oporrca c nocneAcrBnflv'vr coJreor-
roxeHr,r.fl AoBonbHo TpyAHo, a HeKoropbre ocaAKr4
cJroxHoro co cTaBa y 4anvTb np aKTr,rqecKr{ HeB 03 -
Mo)KHo, qerecoo6pa3Ho rrpoBoAr4Tb rrporHo3rrpo -
BaHr4e BbrraAeHr4s coleft [pu pa3nr,rqHbrx ycroBr,rqx
gKcrrnyararlr4rl B rIeJUrx ero [peAynpexgenzx [1-3,
8 - 1 1 ] . Ilporuos coreo6pa":onauux npra 4o6rrve ue$rr,r
.sBr-sercq HeomeuleltorZ qacrbro Meponpuxu,rft no ero
npeAynpex4enraro. Anatr4TtrrrecKoe [porHo3r4poBaHr,re
coneo6p aso BaHrrs, ) BbrrorHseMoe Ans KoHKperHbrx
o6rexros u yclonuft na ocHoBe $r,rsnxo-xlrMr{qecKtrx
pacqeToB cocTaBa rroq/THbIX BoA, Io3BOI_fleT IpeACKa-
3arb Bo3MoxHocrb BbrnaAenus coreft Ha BceM nyru
TexHoJrorrrqecKoro npouecca Ao6rruu ue@ru.

flporno: coJreorJroxeHvfl B rrJracroBbrx r4 cKBa-
x(eHHbrx ycnoBr,rsx - TpyAoeMKr4fi ntr.rr4crureltHrrrZ
rrpoqecc, ocHoBaHHbrit sa vcnotb3oBaHr4r{ $vsu-
qECKI{X I4 XI4MI4qECKI,IX 3AKOHOB VI MATEMATVIqECKIIX

3aBr,Icl4Mocreft .'Ans oueHKu Bo3Mo)KHocrr{ Bb[aAcHr4l
coletZ I43 rrJracroBblx 14 crorrHblx Bo.q npeAJIo)KeHbI

pa3nr4qHbre MeToAbr, Harrpr,rMep pacqeT HacbrrleHHo -
crr,I BoA corrflv'u [1, 2]. Kar rpaBr,rJro, npeAnaraeMbre
MeroAbr aAarrrr,rpoB anrr x nau6olee ne 6laronpu.fl T-
Hr,INt O6CrOqTeJrbCTBaM, KOTOpbIe Ha IIpaKTI,IKe MOIyT
14 He npoqBnflTbcr,. Tax, npu onpe.qeneHHbrxycroBr4sx
MOIyT CyTIeCTBOBaTb rrepeobrrrleHHbre pacTBopbr co-
reft . Cynr@arpeAyKr1r,r.fl croco6crnyer yMeHbrxeHr,rrc

I4x B pacrBope, rrro 3arpyAuxer o6pasoBaHue cylr@ar-
nrrx otlloxenuft.

flporuosr,rpoBaHr4e Bo3Mo)KHocrr,r ouoxeHuft
CaCO3 Ha BHyrpeHHeft uoaepxHocrr4 HeQrelporvru-
cJroBoro o6opy4onanuq ra KoMMyuuraquft ocHoBaHo
Ha cpaBHeHr4r4 BeJrprtrunu pH Bo.qbl c pacr{erHblM
3HaqeHueM pH npz HacbruleHr.rr{ solrr CaCOs. !.ltt
MOAenVpOBaHU.fl BO3MOXHbTX Bapr4aHTOB COJTeOTJTO)Ke -
Hrax ueo6xo4r4Mo yqecrb B orrpeAeneHHori uocleAoBa-
TeJIbHOCTT4 npOUeCCbI, npOTeKaIOrqI4e KaK B BOAOTOKe

B IIOBepXHOCTHbIX yCnOBI4JIX, TaK 14 B CMeCI,I AByX TI4IOB
BOA B IIJIaCTOBbIX yCnOBUqX, KOTOpbIe MOXHO OXapaK-
repl43oBarb cneAyrorqrrM o6pasorvr [7, 8].

1. 3axa.rusaeMble npecHbre noBepxHocrHbre BoAbr

rronaAaror B ruracroBbre ycnoBu.rr. IlpoucxoAllr cMeHa
oKr4cJrvreJrbnoft cpe4rr Ha BoccraHoBrrreJrbHyro, cJra-
6orqeroquofi o6cranosrsr - Ha cla6orcrcJryro, Hr43Kr4e

AaBneHr{e r4 TeMneparypa cMeHrrrorcx nrrcoxzuu. flpu
3aKarrKe IIpecHbIX BoA B HarHeTaTeJrbHbre cKBDKr,rHbr

nola,qarcr 6aKTepr4kr, cnoco6urre passusarrc.fl s sa6oe
u npuza6oiruoft soFre [nacra.

2. BsazN{oAerZcreue 3aKarrr4BaeMbrx BoA c rropo.qa-
MI4 B IrJlacre yBenr.rqprBaer KoHrleHTpaquro cynr@aron
B BOAe 143-34 BbrtUeJrAIJI,'BAHVIs AIJTVLApI{Ta 14 rI.jrrCA,
coAep)<arrlt4xcs B Teppr4reHHoM KonneKTope, a oKr4c-
reHr4s. rrupura. Hanaque opraHuqecKoro cy6crpara
u cylr@aroB npr,r He3Har{urerbHoM coAepxauvrvt 02
surnerc . npupo4norl gKocr4creMoft , 6naronpra.arnorl
Anq pocra r4 )Klr3HeAeqrerbHocrr4 6ixrepufi CBE,
rpoAyllupyroqlrx H2S. Ilpurox Fe'- npoucxoAr4r
r43 3aKaql4Baeuoft BolIbI tr 3a cirer sga[t\,Io.treftcrsus
nvrplzra rraraHepa-non c 02.

3. BHyrpunJracroBoe cMerrreHr4e 3aKaqrlBaeMbrx
BoA c rroBbrrrreHHbrM coAep)r@Hr4eru cylr@aroB c rrra-
cToBbIMI4 BOAaMT{ XJrOpKiUrbrIr4eBOrO Tr,rra,npr4BOA}rT
K BbrrraAeHr4ro rr4rrca. Peaxrlu.s HrS c Fe'- o6pasyer
ocaAKr.r cyrirQz4a ;rene3a.

4. B nracroBbrx ycnoBz.flx c Bbrcoxoft reuuepa-
Typoft vnpv orc),TcrBr4r{ CO2 Bo3Mo)KHo BbrrraAeHr4e

B OCAIOK KIL]IbUI4TA II3-3A CMEIUEHI'Ifl XI{MI{qECKI4 HE-
coBMecTI4MbIX BOA.

flpu uo4ervpoBanrvr cneAyer yqprrbrBarb, qro
npllpoAHbre BoAbr.sBJlsroTcq clo){GrbrMr4 MHoroKoMrro-
HeHTHbIMII paCTBOpaMr4, Vr IIpVrHIdMaTb BO BHr{MaHr{e
COBMECTI4MOCTb 3AKAIII,IBAEMbIX I{ IIJIACTOBbIX BOA.

O.reur qacro An{ rro.4AepxaHns, rrJracroBoro AaBne-
HVg. 3AKAqIIB aeTCS MI4H ep [UII43OB aHHafl . BO I,A, KOTOp a.fl
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OESOPHbIE CTATb'I

MOXET 3HAqI4TEJIbHO BII4,STb HA XI4MIIqCCKI4ft COCTAB

rrJracroBErx BoA B rlenoM. B pa6orax [8, 9] ua npo6le-
My coBMecrr4Mocrr4 BoA aBTopbr o6parqarcr oco6oe
BH}IMAH}IE.

Ilpe4ornparrleHr{e o6pasonauuq or:ilo)KeHrft conefi

Alropauu [4, 8-10] rroKa3aHo, rrro An.s KaXIoro
MecTopo)KleHt4g., r4cxoAq I,r3 KoHKpeTHOfO COCTaBa

cI4CTeMbr 3aBOAHeHr,Iq 14 IeOJIOII4qeCKOIO CTpOeHLLg

rropoAbr KonneKropa, neo6xo4uru ruarelruuft nol6op
MeroAoB z croco6os [peAorBpaueHr4q coreo6paso-
BaHr4fl.. flpelorspaueHr4e coJreorJro)KeHvq B cKBa)or-
Hax, HeSrenpoMbrcnoBou o6opy4on aHvrvr 14 cr4creMax
BHyrpr4rrpoMbrcJroBoro c6opa r4 rroAroroBxu neQru
flBrrflerc , ocHoBHbrM HanpaBJreHr4eru n 6opr6e c AaH-
HbIM HerarL{BHbrM qBreHueru. Irlcxo4.rr lI3 gKoHoMI4qe-

crori qerecoo6pasuocru, B 3aBr4crlMocrr4 or ycloeuft
u oco6enuocreft paspa6orKu 3aJre)Keft, 4ocrynuocru
rexHvqecKr4x cpeAcrB r4 npoqr.rx Qaxropon Mofyr uc-
rroJrb3oBarbcq pa3nr4qHbre rroAxoAbr n 6opr,6e c gTrrM

flBneHr,reM lI2,l3l.
.ft x npe4orBpaxleHr4.f, coJreorJroxeHr4q npr4MeHfl -

Iorc.f, TexHororlrqecK[e, @usuvecxue r4 xr4Mr4r{ecKue

MeroAbr. Texuororu.recKr4e ra @usu.recxr4e Mero.qbr
BKrroqaror s ce6s o6pa6orry rroroKa xo4AKocrtr
MaIHUTHbIM[4 V AKyCTl4qeCKprMI4 IIOJIqMT4, Onep a-
I-Imr4 no orKrlrorreHrrto o6no4rueHHbrx r4HTepBarroB,
rrpr,rMeHeHr4e 3arlr.rrHbrx noKpbrrr4rZ nonepxHocru
o6opy4onauvfl 14 Ap. [ 1 3]. e@@exu.rBHbrM cnoco6ou
npeAorBp arueHr4.fl coreorJro)KeHrlfl n He$renpouu -
cJIoBoM o6opy4onaur4r4, B ToM qr{ cne v npv DrylreHr4r{
cKBa)o.IH. gBlrfl,ercfl, xr4M[.recxuft - c ucrroJlb3oBaHl4-
eu uuru6raropoB ornoxeuvt corcflt l3l.

I4nrn6uropbr coJreorJroxeur.rft (IrIC) - oro raKr4e
xl4MrrqecKple c oeAr{He H un, ao6ar,le Hr4e Koropbrx
B pacrBop HeopraHr4r{ecroft colu pe3Ko 3aMe.qnfler
npouec c o ca4xoo6pa3oBaHr4fl . Pasrr4.rarcr rprl Mexa-
uusua 4erZcrsvq VIC [3, 13- 16] :

o LIC, agcop6t'tpyxcb Ha Bo3HlrKrrreM 3apoAbrrle
Kpr4crarJra (qeurpa Kpr4crzurnr,r3 alq.vtt), [perurrcrByer
ero 4amneftrreMy pocry (nopororurt MexaHr43M r{Jrr4

ct a6vllt4sa\r4q nepe cbrlleHHoro pacrnopa) ;

o I4C, a4cop6vpytcb Ha aKrr4BHo pacryxleM Kpr,r-

criurJre u ua 4e@errax Kpr4criurna.{ecxoft pelrerKr4,
o cTaH aBJIT4BA9T 141il4 3aM eAnqeT p o cT KpI,IcTaJIJIa,
a TaroKe Mo)KeT r43MeHsTb KpucTannr4rrecKyro pelreTKy
(raHna6uponaHr,re pocra rpucrallon) ;

o I4C, a,qcop6upyscb Ha Kpr.,rcraJurax, lperurrcrByer
I4x B3arlMoAeficrsurc uex4y co6oft u arpernpoBaHr{ro
B oAHopoAHbre ortro)KeHut (gucnepczonntrft Mexa-
Uf'ISfr,f).

CorlacHo [ 1 2] vrexanzslr r,ruru6up oBaHvrfl, Kp:,lr-

crzurJrr,rqecKoft @asrr r43 nepe cbrrr{eHHbrx pacrBopoB

o 6r.fl c H.fl er r eoptrs, a4c op 6 qra o H H o ro un ru 6 r4p o Ba -
HVfl 3a CqeT BXO)KAeHU.fl MOIeKyn KOMIIneKCOHOB
B Kpl4cTannr4r{ecKyro perxeTKy ocaxAaroutrxcfl co -
reIl. flpuuerr,r a4cop6quv LIC npe.quecrByer cra4.vrfl,

rIX Ko MrrJrexc o o 6p as on aHr4fl. c r4oHaMr4 M eraJrJro B

Kpl4craJrnr{3yrorqeftcx colu, BcleAcrBr4e groro r{HAyK-
quounrrft nepr4oA Kpr4 erunrrgaqr4u cotefr. Bo3pacraer
B pe3ynbrare QHsTr4s, nepecbrrrleHT4f coIrflHbrx pacrBo-
pon corerZ lr 3aMe4JreHvrs.pocra rpracrannon [12].

Bu6op e@@exuanHoro peareHra 4rx o6pa6omu
cKBzDKr4HbI AoJDKeH 6Ht, ocnosaH He roJrbKo Ha ero
IaHru6upyrorqeft croco6uocrlr, cneAyer ) ruTbrBarb
14 ero a4cop6quoHHo-Aecop6quouuyro xapaKre-
pr4crvKy, or Koropo fi. sasvc sr e QQexrr,rnHo crt
14 AJrr4renbHocm AerZcrsvs. VIC. ?IC ue flBrrflrorcfl,
yHl4BepcanbHbrMlr, xaxqufi r43 Hz'x npeAorBpaulaer
orJro)KeHr4e roJrbKo orrpeAeneHHoft rpynnlr colerZ.
OpzeHrrapoBoqHrre e$$exrunubre Ao3br I4C onpe-
AeLSIOTC_g B TeXHI4qeCKI4X yCnOBI4.rIX I,IX trpr4MeHeHr.r.fl .

I,IC uoryr 6brrb opraHr,rqecKr4e [pousno4Hrre @oc-
@ouonorZ ra @ocSopuorZ xr.rcror, Her4oHoreHHbre [o-
ru$oc$aru, Hr43KoMoJreKynspHbre nollmap6ouonlre
Kr4cJrorbr, nonr4Mepbr r,r colonr.rMepbr xucnor ra 4p, [3].
K Huu orHocrrcs rt4ApoKcr4grrrIraMnnorvr(ueruleH-

$oc@ouona.a), I -ru4porcusrau- ( 1 , 1 -4ra@oc$oHo-
vat), arruuorpr,r (uerz:reHSo c Q ononaa), grr4Jre H -
!,naMzHTerpa(werateruQocQoruonax), reKca-
M er u Jr e HA 14 a M r,r Hr e rp a ( lr erur e u Q o c Q o u o n aa ),
Qoc@oHo6yr au- I,2,4-tpurap6oHon afl , rr4grvreH-
rpllaMr,rHneura (uerlu en$oc@onor ax) totutorl';' vt p r,p,

Aplrlrx coeAuHennft.
flo46op uuru6raropuori saullrrrr cKBznKr4H ra o6o-

py.qoBaHr,r_fl ocyuecTBnqeTctr c yqeroM cneAyroulrlx
oco6euuocreft [I7l:

1) no arperarHoMy cocro.flHl{rc s xa.recrne I4C
AonycKarorc.fl TorbKo noporuxoo6pa3Hbre BerlecrBa
v He pacalrar4Barorlr4ecs )Kr{AKocrpr, He 4onycxaercx
coAep)€Hr4e B ){o14KocT.rrx Kp},TrHo B3BerrreHHbx r4 oce-
Aaroqr.rx npralrecefi , Colepxauue HepacrBopr4Mbrx
npzueceft AonycKaerc.fl Fre 6oree l% Gv'ac.);

2) VIC cqr,rraercs e@QexrunnbrM, ecrr4 cHru(e-
HI4e cKopocru o6pasonaHns, oca4Ka Ha rroBepxnocrr4
HarpeBa nlienrruraer 80% npu pacxoAe VIC ue 6olee
10 ur/r;

3) vnrv6tttop AoDKeH 6rrrr repuocra6ulrnrru,
r.e. npr4 HarpeBe pa6overo pacrBopa.qo 130 "C e0-
@errranuocrn [eircrsvs.AoJrxHa 6rrm ne uu>re 80Vo;

4) s$(fexrzBHocrb I4C otroczreJrbHo Koppo3r{-
oHuoIZ arcruBHocrlr cpeAbr AoD{<rra onpeAenrrbc.fl cKo-
pocrbro Koppo3r4r{ crateitxl8Hl9T pr Cr3 s pa6ovevr
pacrBope ne 6oree 0,05 rr,rrra/rol.

[ttt vurv6vtpoBaHufl. coJreorJroxeHr4.fl B npoqecce
ue$re4o6uirr4 flpuMeHsror B ocHoBHoM TaKr4e rexHo-
JIOII4I4. KAK:
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o HenpepblBHas rtoAaqa ZC e Naexrpy6Hoe npo-
CTpaHCTBo cKBaxU4H C I/tcIIoJIb3OBaHI4eM Ao3I'{pyIoIUI4X
ycrpoftcrB;

. [epr4oAl4rlecKoe Ao3I4poBaH]Ie ZC n rr,re;rrpy6Hoe

npocTpaHcTBo cKBa)0'IHbI ;

o saxaqKa I4C n npusa6oftnyto souy rnacraArs ero

nocneAylouero npoJloHrr{poBaHHoro BbIHoCa B CTBOJI

CKBAXI,{HbI;

o BBeAeHI4e I4C s saxaqvBaeMylo Bo.{}, [pe.{Ha3- y

HaqeHHyro Ans rloAAepxraHlds. rrJlacroBoro l.aBlrer{rrfr .

KopposuonHoe cocrofl Hrre obopyAoBaHl{fl

B csqsn c BbIIIrelI3JIoxeHHbIM npu ueQre4o6rlre
rrepBocTerIeHHbIM BOTIpOCOM .fl BrSeTC.f, KOppo3I4OHHOe

cocroqHl4e o6opy4onaHl'It, ero 3aurr'ITa or pa3pyflreHus

14 npoAJIeHlIe cpoKoB gKcnnyarallvu 13, 1 7, 1 8].

Kopposun o6opyAonanun n ue$refipoMblcJloBblx
cr{creMax flBrflercfl. gneKTpoxl4Mraqecxoir u o6yclon-
JreHa npr{cyrcrB}IeM s Ao6lrsaeltoft npo.qyKul4l'I

Mr4Hepanll3osaHHoft soAnoft Saslr, a s Hefi - Koppo-

3r,roHHo - aKTLIBHbIX ra3oB : Kr{cJIOpOAa, CepoBoAopoAa

14 yrneKr4cnoro ra3a.

flolurnlro coJreBbIX ouoxenraft Ha Koppo3l4ro o6o-
pyAoBaHI4s 6olunoe BIwtflr.vrc oKa3blBalor MexaHI'I-
qecKI,Ie [pI4MeCr{, COIep)KanI[ecs B [epeKaqI4BaeMbIX

rro npoMbIcJIoBbIM rpy6onponoAaM )Kr4AKocrax' flpu
MrurbIX cKOpOCTtX TeqeHl4.fl nepeKaql4BaeMblx cpeA

npor,rcxoAr.IT paccnoeHl4e He$uHtrx elr,rylrcutZ c o6-
pa3oBaHl4e BoAHoro noAclor (n cucrelte He$rec6opa),
BrrHoc MexaHuqecKr,Ix npulteceft pI I4x nocJleAyloqee

ocaxAeHlle Ha creHKax rpy6. B grux cny{a.f,x I'IAer

ycr.{JIeHI,Ie Koppo3}I[ 3a cqer Bo3HI4KHoBeHIrfl I{ 6ysx-
rlrroHr4poBaHtlfl rzIIIbBaHorIap <<MerallJr rpy6u-ouo-
)KeHlrq)> [2] . MexauuqecKl4e rIpI4MecI4 r'IHI4III4I4pyIor

JroKiulbHoe p a3pyllre HI,Ie MerzurJl a nHyrpeuuerl no -

nepxnocru rpy6.
Cropocm u paclpeAeneHl4e Koppo3llrr rloA3eMHoro

r{ H a3 eMHo ro o 6 opylo g anntr cKBax.trH o rrp eA en.alor

cneAylonrl4e Saxropu:
. Tr{rI cKBzt)KrrHbI I{ crroco6 Ao6rFru He@ru;

. npOI,I3BOAUTeJIbHOCTb r{ pexr4M ABI4)KeHI4S

B cKBit)Kr4He ra3o)c4,qKoctuoft ctrlecra;

o AaBJIeHI,Ie na sa6oe zycrbe cKBzI)Kr,IHbr r{ pacflpe-

AeJreHI,Ie TeM[epaTypbr rro ee cTBony;
. ypoBeHb )c4AKOCTr{ }I COCTaB raSO-nos,4yruuofi

cpeAbl B KonbIIeBoIvr (sarpy6Hotu) npocrpaHcrBe
CKBA)O,IHbI;

. cocraB ra cnoficrsa Ao6rrnaerrloft HeSrn;

. cocraB ra csol?crsa [3BJIeKaeMoft sr{ecre c ne(p-

Tbro rrJlacronoft no.4rr ;

. cocraB rfcnoftcrsa [o4/THoro HeQr.aHoro rasa

r4 co,qep)KaHl{e B HeM KOppO3I4OHHO-aKII,IBHbIX np}I-
rueceft (H2S, CO2 u Ap.);

. coorHollreuze ue@ul 14 BoAbI s Ao6rrsaeIuofr
rrpoAyKIrI4r.I 14 xapaKrep paclpeAeneHzx erux Sas 4pyr
B Apyre;

o o6pasonaru{e 3aIII,ITHbIX nJIeHoK Ha MerzulJrl4qe-

crorl nonepxHocrr'I u3 opraHl4qecKoro u HeopraHl'Iqe-

cKoro Marep vala (nap a$I4H, cMoJIbr, cylr$rl4 xelesa,
xap6oHarst Kuulburzl. MarHI,Ifl r xelesa),

. laaJwr'tlre a6pasunHlx uacrI4II B noroKe K44KocrI4
(necor, cyrr@rll xeJle3a, KpIlcraJIJIbI coleft, rJrIlHa

kr rp.);
. npoqBreHr{e )cl3HeAetreJlbHocrr{ 6axr.epuft .

trtI Hre n c lasu o crb p a3 Brrrl,Lf, Kopp o 3vrv 3aBncr4"r

oT KOHUeHTpaqr't 14 r{ KOMTIOHeHTHOTO COCTaBa rIpI4Me-

ceft, B 3aBI,IcIrMocrI4 or coAepxaHr'Lfl olpeAeJIeHHbIX

xlrMI4qecKI,IX BeIrIecrB Koppo3I4oHHbIe cpeAbr He@rx-

Hbrx npoMblcJroB KJlaccu$uquposaHbl rro creneHl4

r4x Koppo3l4oHHoro nos4eftcrnus Ha o6opyloBaHl4e
(PI 39 -0147 | -03 -362-86 t 191 ).

MeroAu SaIIII{TsI or KoPPo3I{I'I

.[na 6opr6sI c Koppo3l4eft s He$re4o6rtsaloqeft
npoMbrllrneHHo crpl I4cnoJlb3ylor p a3rI'Ir{HbIe Mero -

AbI 3axII4TbI. TexnolorzqecKl4e MeroAbI ocHoBaHbI

Ha co3AaHI,IpI 14 noAAep xanvrl Koppo3lloHno - 6eg -

onacHblx yclonuft SKcnJryaraIIlII'I KoHKperHoro
sr,rAa o6opyAoBanvrs. K nuu orHoc-flrct cosl(aHl4e

9MyJIbCI4OHHbIX pe>KI,lMOB TeqeHl4-fl , I4CKJIIOqaIOUUX

BbI.ueJIeHr.Ie BoAbI B orAeJnrryro (fasy, n rpy6onpono4ax
npu o6no4ueHHocrr{ rpaHcfloprl4pyeIr'toft npo,4yrqt'Ilt
MeHee +0% (o6.) I4 npeABapl4tellnrrr? c6poc BoAbI'

pas4emurrft rpaHcrropr soAuofi I4 yrneBoAopo,4uoft

Qas or cKBDKI4H Ao rIyHKroB c6opa Ia 4p. BaxHuuu
M ep ollpll.fl T vtsMvt Ar.fl cyule cTB eHH OrO np oAneHr{.u

cpoKoB clyx6rr o6opy4on an r4fl sBJrflrorcx no46op
rr r{crIoJIb3oBaHI4e Kopp o 3l4oHuo crofi xrlx cr aleir
lI 0IUIaBOB. HeMeriuIr]IqecKI,IX Marepr',IaJloB, 3aIqr{THbIX

norprrruft ra r.n. [3].

Kpucra;rru corefi r ue$nt
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K xIaNaIa.recKI4M MeroAaM orHocl4Tcq npI4MeHeHI4e
raHru6uropoB Koppo3r4r4 (I4K) t201. B Heereraso4o-
6unalorqerZ npoMbrlrneHHocru o6rqenpr,rHqro AeJreHr4e
I,IK na ne@repacrnopur Mbre, BoAopacrBopr,{Mbre r{ Bo -
AoAzcneprr4pyeMbre. Taxoe 4eleHrae, noo6rqe roBop.s,
ycnoBHo. Opranuvecrcae ZK, npe4craBr.f,rotqrle co6oft
cMecb BblcoKoMoneKynspHblx BeIIeCTB, KaK IIpaBI4JIO,
qacrr4qHo pacrBopr,rMrr n ne@rra, B To BpeMs xax ZK,
Ha3brBaeMbre BoAopacrBopt4MbrMlr, uaqe ncero oQpa_
3yror c soAorl He r{cruHHbre, a Koruror,rAHbre pacrBopbr.

Pasrr4.{rae Mex.qy BoAopacrBopr{MbrM_1.1 14 BoAo-
Ar4cnepr[pyeMbrMr,r ZK saxrroqaercq, rJraBHbrM
o6pasorvr, B pa3Mepe KoJrJror4AHbrx qacrr4u 14 BeJrr4qr.rHe
xoe@$uqueHra pacnpeA erreHtrs, I4K vrexq4y He@rrn
ra no4oft (He@repacrBopraMbre I4K nparruqecKrr He-
pacrBopt4Mbr B Bo.qe, AtuKe Konnou.qso). flocxolrry
n He@relpoMbrcJroBbrx crzcreMzx np[c]'TcrByror ABe
HecMe[rlrBarorl[ec_fl Me)KIy co6ofi ro.rlKr.re Sasrr -
BOAHaT r,r yrneBo.qopoAHar, To Konnor{AHo_pacTBo_
pr4Mbre B BoAe trIK pacnpeAer.flrorcfl Mexly HvrMvl
B onpeAeJreHHoM coorHorrreHr{rl, 3aBrlcslreM or @z_
3trKo-xr4Mr4rrecKr,rx csoftcrs I4K, ueQru u no4rr [3].

Conpeueunue raHru6zropbr Koppo3uu 4lx ue$re-
raso4o6unarcueft npoMbrrrrneHHocrl4 npeAcraBrsror
co6oft pacrnop oAHoro t4Irlr HecKoJIbKr4x opraHr4qecKr.rx
coe4raneHrarZ, o 6la4arcrqux BbrcoKr4Mr4 3arqr4THbrMrl
csoftcrnaMn (rax nasunaeMbre aKTI,rBHbre ocHonu),
B yrneBoAopoAHoM r.rJil4 BOAHO - CltrpToBoM pacrBo _

pr,rrene 1I9,20-221. B xavecrBe aKrr4BHbrx ocHoB
II C TIOJIb3yIOT t4 Mr,IA a3 OJII4 HbI, n ep B I,IqHbIe aMI'IHbI,
IIdAMt4Hbr, aM I,IA O aMI4H bI, ArrMep I43 O BaHHbIe aM 14 _

AOaMV HbI, qeTBepTI,IrIHbIe aMMOHt4 eBble OCHOBaHI4q,
oKcII9TI{JII4p OB aHHbIe il ep BI,ITIHbIe aMI{HhI, AIKVIJT-
m,Ipr,rAl,rHbr, )KtrpHbre KrlcJrorbr, Soc@arzpoBaHHbre
cJro)KHbre e@rapu ra4p. ArrzsHoft ocHoBbr B roBapHbrx
Sopnrax I4K uoxer 6url 4o 60Vo (rrrac.) (o6nuuo
l0-30Vo (irrac.)).

Kpoue arcrzsHorir ocHosbr v pacrBop vrreJra,I4K uo-
ryT coAep)Karb pa3JrrrHbre.qo6anxu, o6ecne.rrlsaroqrre
AoBeAeHLre @lasuxo-xuMr{qecKr4x csorzcrs [poAyKra
Ao 3aAaHHbrx sHa.reHr4ft . .{o6anxauu perynr,rpyror pH,
IIJIOTHOCTb, B.fl 3KOCTb, AncnepII4pyeMOCTb I,I Ap.

Oco6ennocrr.r Ao6brqr.r HeQrr.r npn KoHTypHoM
saBoArreHurr n OAO <Cypryrneerera3>>

Ha npuuepe OAO <Cypryrue@reras,> paccMorprzM
HeKoropbre oco6eHnocrz 4o6rrvu ueSru npz npuue-
HeHr4r,r 3aBoAHeHr,rs u npo6Jreuu, Koropbre Bo3Hr4Karor
ua HeQrenpoMbrcJrax rr B nocneAefrcrsvkr rrprr nepe-
pa6orre ue$rlr.

Bucorpa arpeccr.rBHocrb rrpoAyrquu OAO
<CypryrHe@Tera3)> - oAHa r43 ocHoBHbrx [pr4qt4H
rrpe)KAeBpeMeHHoro BbrxoAa r43 crpos o6opy4onauux.

Hau6olee arpeccr,rBHbr o6no4uennaa HeQm (creneur
o6no4HeHHocrr,r cooraBJrfl er 90 -9 6%) u croqHbre
no4rr (peuubre, o3epHbre), racloltsyeMbre An.fl noA-
gep>KaHzfl rrJracroBoro 4aBnenr4fl. Cpox cnyx6br rpy-
6onpono4on 3aKaqKr,r B rrJracr cro.rHoft BoAbr B p.fl.qe

cnfraeB cocraBr.fler 1,5-2 ro4a nMecro rrJraHr4pyeMbrx
10-15 ler. Exero4uo npoucxo4ur 6onee 3000 orKa3oB
rpy6onpono4oB cprcreMbr c6opa ne$ru no npr4rrr4He
nuyrpenHeft xopposuu. Anapuft Hocm rpy6onpono4on
npr,rBort4T K 3Haqr{TeJrbHbrM norepflM ne@ru ra sarpas-
HeHr4ro oKpyxarcuerZ cpe4sr.

O cnosuHr\l $ axrop o rvr, BJrr4rrorq r,rM H a Kopp o 3I,IB -
Hocrb cpeAbr, flBrrflerc , coorHorrreHue He$ru 14 BoAbr

[23, 241, Anarus npr4r{r4H 3Haqr{reJrbHoro qrrcJra
orKa3oB rpy6onponoAoB r{ Bo.qoBoAoB Hr43Koro r4 Bhr-
coKoro rrJracToBoro l.aBneHLrfl Ha MecTopox4eHr4rx
OAO <Cypryrue@reras)> rroKa3iur, .rro anapuftnue
cvrya\r4r4 Bo3HuKaror n rpy6onponoAax, ro KoropbrM
rpaHcrroprr4pyercs ueQrr c o6no4nenHocrbro 6olee
5 -60% 14 cKopocrbro reqeHr4s 0, 1 - 1, 0 vr/c. Bce npo-
pblBbr npor4cxoAsT B MecTax c paccnoeHHbrM TeqeHueM
ue$rnroft gMyJrbcr4rr, T.e. B ycnoBr4sx BbrAeneHr4_rr ee
us no4norl @asu.

,{lx nnyrpeHHr,rx noBepxnocreft rpy6 xapaxrepua
cllorrrHas r4 roKiurbHaq Koppo3r4s B Br,rAe rrlrT.rr,rHroB
(rovevHaa ropposltx) r,r KaHaBoK (xauanovnas Kop-
posm). Jloxalrnrre pa3pyrreHr,rs npor4cxo.qsr B pe-
3ynbrare nos4erlcrnuq MHorr4x Saxropon: Mr4Kpoop-

raHlr3MoB, t4oHoB CI-, SO?-, HCOt, pH, ruuuepaar-
Hbrx qacrr4rl, BhrcoKoro,qaBneHr,r.fl n rpy6onpono4e,
coAep)KaHr,rq CO2, H2S ra 02, crerreHu o6soAHeuHocrra
He@ru ra r..q. Oco6eHHo r,rHreHcr,rBHo Koppo3t4r pa3-
BuBaerc.rr B 3oHax cBapHbrx coe4raHeurarZ. Cornacno
IaCCJreAOBaHVrflM, HA BHyrpeHHr4x noBepxHocT.rrx rpy6
Koppo3r4oHHbre cJro[ cocTo.f,T t43 oKcr,r,rloB xeJre3a
u cyll@u4on.

[u$parrorpaMMbr rrpoAyKroB Ha BHyrpeHHr,rx
loBepxHocr.sx rpy6 [oKa3aJrrr B orro)KeH[sx HaJrvr-
qr.Ie yuepoAa co crpyxrypori rpa@ura, cynt$r,r4a
xeJre3a, CaCO3 ra CaSOa. Vueno4opo4Hbre oca,qKrl
npeAcraBnenu acQalrreHaMr{, cMoJraMr,r, napa$u-
HaMrl. Harouenue B-s3Ko -rBep4ux napa$l,rnos 6ra-
IOlprurTcTByeT 3apoxAeHr4ro tr pa3Br,rTr4ro ssneHHoft
Koppo3r,ru, npr,rBoAfl rqerZ x cxsogHbrM orBep crr,rsM.
flplrcyrcrnyroua;r B ue@rur BoAa cKarrnr4Baerc.fl roA
TBepAbrMr4 oTJro)KeHlrr4rrMr4 r4 Hacbrrq aeT cs. arsvrBHbrMr4
KOMIOHeHTaMU Cephl II xJIOpa, qTo TaIoKe ycvlnvBaeT
Koppo3r4ro, pa3pyrxarouyro rroBepxH ocru [231.

Th.laxancxoe He$Tera3oKorrAeHcarHoe
MecTopo)r(AeH[e

Thnarancxoe ueSrerasoKoHAeHcarHoe Mecropo-
)KIeHr4e (H|KM) - oAHo ras xpylnerlrl,tx HoBbrx
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poccurlcKr{x MecropoxAeHr4rZ HeQrl,r. Ero ussre ra-
eMbre 3alacrr ue@ru rro Kareropuu Cl cocraBrqror
115 rr,rlu T, 3arracbr ra3a - 47 tvvtpl, M', ra3oBoro
KoHAeHcara - 375 rbrc. T. Oro cocrasr.rrer rrpr,rMepHo
27)% or Bcex r,r3BJreKaeMbrx 3arracon ue@ru 3anaanoft
frc11'rutt. MecropoxgeHr4e r,rMeer cyilIecrBeHHbre rro-
Jroxr4TeJrbHbre lapaMerpbr: ue$rr, saleraer na uy6zue
ao 1200 M, qro 6trnaer4ononrno pe4xo [24].

Tararan rroAKJrroqeH K MeraHe@renpono4y
<,Bocroqnas Cu6upl-Thxr.rft oxeaur>, rro KoropoMy
flKyrcKas. ueQt Moxer JrerKo [onacrb Ha pbrHKr4

crpaH a3rrarcKo-rr,rxooKeaHcKofo perr4oHa. B csqsr4
c 3Tr4M nepcrreKTr4Bbr pa3Br4T[S MeCTOpOX4eHr4Jr OqeHb

o6ur.rpuu. OAuaro raJraKaHcKafl He$rr, r{Meer cBor.{

ocobeuHocrr4 rro c ocraBy u $usuxo -xr.rMr,rqe cKr,rM

xapaKTepr4c'rvIKau, vro ueo6xo4klMo ) rr4TbrBarb npI,I
ee rroAroroBKe K nepepa6orre u paspa6orxe aHrr4Kop-
po3raoHHbrx Mepolpr4sruft uo sailIr4re o6opy4onauux.

B npo6ax 4o6HsaeN{oft ue@ru nparu4qecKr4 orc}T-
cTByeT IIJIaCTOBafl BOAa, KOJII4qeCTBO MeXaHI4qeCKr4X

rpuueceft He3Harrr4Temuo. flo coAepxaHr4ro cMoJr
u ac@a-rrreuoB TaJraKaHcxr.re HeSru uecKoJrr,Ko orJrlr-
r{arorcq or 3anaAHoc tl6upct<ttx lttnroryr 6r,rt, orHeceHrl
K cMoJrr4crbrM, a rro co.qepleHr4rc napa@uuoB oHr4

He sBrsrorcq yHuKanbHtrruu. flo MaccoBoMy coAep-
)caHr4ro S onra orHocflTcq K MiurocepHr,rcrbrM neQmrvr
(lo 0,60%), MaKcr4MulJrbHoe MaccoBoe coAep)Kaurae S

MepKarrraHosorl - 0 ,02% , r{To B = 1 0 pa3 MeHbrrre, qeM

n HeQrax Bamxtttptttvt u Tarapcraual24].
flocroltry n ne$ru Th-rraKaHcKoro HfKM coAep-

xaTcg B ocHoBHoM xjlopr,rAbl KiuIbIII4_fl VIlr'4.at]JIIfl., TtpLl
ee noAorpeBe B npr4cyTcTBr4r,r Aa)<e cJreAoB BoAbr npo-
r4cxoAHT rr,rAponr,r3 xJropr4IoB c BbrAeneHr4eM cr4JrbHoro
Koppo3r4BHoro areHTa - HCl, qro qBrsercs ocFrosHofi
npuvranoft Koppo3r4r4, Bbr3brBarorleft ocloxneHu.s
npv [oAroToBKe, XpaHeHr,[4, rrepeKaqKe r4 nepepa-
6orxe ne$ru Talaraucxoro HIKM [25]. Taxnrra
o 6pasovt, rIoBbIIIreHHas Koppo3l4oHHag aKTI{BHocrb
ne$rlr Ta-raxaHcxoro H|KM o6ycnoueua He Ha-
rl,rrrl4eM s Herl Hll3KoMo.rreKyn.fl pHbrx MepKarITaHoB,
a cneqr.r@uvecKr4M cocraBoM coleft, cnoco6uux npr,r
I'I4.4ponr.r3e Bbt4ensrb HCl. erer oco6enuocur ue$refi
AoJDKHrT 6rrm yrrenrr B npoqeccax ux lporrlrrcnonoft
noAroroBKr4 ra Aalrneftueft uepepa6orxu [25].

Ao 2005 r, TanaxaucKoe MecropoxreHr,re Haxo-
Ar.rnocb o 6esno4noM nepIaoAe gKcrrnyararlr4ur, T.e.
B ycnoBr,rfl x orcyrcTBr4.fl HenocpeAcTBeHHoro sosAeft -
c'tBvtfl. Ha 3iure)Kv HarHeraeMbrx BoA. Oco6enHocrr
Haxolsrleroc;r B HairzurbHorvr, 6e3no4HoM rreprlo.qe gKc-

lnyaTa\1414 MecTOpOX4eHVS COCTOSIa B TOM, rITO npu
MzuIoM coAepxayr{r4 [rracroBorZ soAH n neQrn orMe-
qaerc.fl BbrcoKoe coAep)GHr,re xropr,rAoB. Pesylrraru
aHzurrr3oB ne$ru lo3Borqror c.qeJrarb BbrBoA, qro

co BpeMeHeu na TalaraHcKoM HfKM [por4cxoAr,rr
crauxoo6pa3Hoe yBenr4rreHr4e co4ep)KaHr4fl xnopr4AoB
n4o6rmaeuoir He@rra npr{ orcyrcrBur4prJrr4 oqeHb He-
3HaqvrerbHovr (cle4onoru) co4epxa Hlr'r4 B neft eoArr.

[o 2000 r coAepxaHve cotefr. n ronapuorl He@ru
HaxoAI4JIocb B npeAenax 60-80 rvrr/n. B 2000 r 6tur
orMeqeH ero pocrAo 300 rrar/r c npeo6la4aHueM cpeA-
Hero coAepxauu.s. coreir B npeAenax 40-200 vr/ry
no na6lrcAanocb rroBbrlreHr{e coAepxaH ust cotefr
ao 1500 nar/n, B 2004 r. raxoft ypoBeHb coleft or-
MeqaJrc.fl MHoroKparHo Anfl uenoro pflAa cKBa)o.rH.
3aSuxcr.rpoBaHbr 6olee BbrcoKrre 3HaqeHr,rfl -
5000 rrrr/n coreft u 6olee. flplr erou coAep)KaHr4e BoAbr
pr3MeHflJrocb or cJreAoBbrx sHa.reur4ft lo 0.4% (o6.\.
OrNre.raeN{He cKaqKI4 B coAep)KaHl4r4 BoAbI r.I coleft
He 6uru cB.fl3aHbr c rrpoI43BoAI,ITeJIbHocrbIo cKBaxr4H
r{ c npoBeAeHrreM Kr4cJrornsrx o6pa6oror.

C 2005 r Ha Mecropo)KreHr4r4 craJrvr [pr.rMeH.flrb
xonoAHoe 3aBoAHeHr4e. ,{lx no44ep>KaHnfl, fIlI[ :a-
KarIvIBaIIt4 BOAy I43 apTe3I4aHCKI4X CKBa)C4H, KOTOpaq

orrl4q aercs 3H aqr4TeJrbHorZ ruuH ep al vsa\veia ( c o.q ep -
)KaHr,re, ur/Au3, pH:7,6): cyxoft ocraroK - 640,0;

caz* - r07 ,2;Mg2+ - 54,r;cl - 25,6;so1- - 158,0;

52- - orc.; COI- - orc.
B 2009 r 3a cqer BBoAa B gKcruryaraur4ro HoBbrx

cKBaxs4H coAepxaHrre coleft n csrpoft ne@ru nepuo-
,ql4qecKr4 Bo3pacriuro Ao 6olee.{eM 1600 ur/1, uo ua-
MeTuBrla.fl cfl TeHAeHrII4.fl K CHLD(eHUIO COAep)€HI,Lfl
xnopl,rAoB coxpaHr{nacb, orMeqiurc.fl pocr o6noAueu -
Hocrpr ue@rra - or 0,1 lo 3,IVo (o6.).

flpu uccre4 oBalalzrr KaK BbrAeJreHHbrx Kpr,rcr arltu-
qecKr4x coreft, raK r,r BoAHbrx BbrrsxeK ras tpo6 rala-
xancroft ne@rlr ycraHoBJreHo, qro B r4x cocraB BXoA.rrr

npel{MyIIIecTBeHHO XJropr,rAbr KUUrbUr4S, ]0lArHr4fl V HA-
rpux (plrcyuor u ra6l. 1). B sua.rrareJrbHo MeHbrrrr4x
KoJII4qecrBax B Hr4x coAep)€Tc.s xropvAr,r u cylr@arrr
)KeJIe3a. Mero4orvr peHTreHoBcKoro Mr,rKpoaH ari.lr'3a vc-
cneAoBaH cocraB corerZ, gKcrparr4poBaHHbrx ras npo6
ne@rra. YcranosreHo, qro Ha Aonro Ca, Na, S vt Cl
npl4xoArrcq >- 90% (rvrac.), rrptr groM coAep)eHr4e
Kax4oro r43 Hr4x >- 15% (uac.). Fe u K coAep)Grcr
or 1 Ao l0%, arpr4Mecr4 (Al u Mg) cocrasrsror -I%.

XlopIa4r,r Mg'* t Ca2* no4neprarorc.fl 3aMerHoMy
rv.qponr43y rrpr4 reMneparypax > 120-150 'C, NaCl
lpaKTl,IqecKrr He rr4Aponr43yercfl. B cssgu c grr4M

Koppo3rlro Mo)KHo oxr{Aarb B ycnoBr,r.f,x pa6oru
ererrpoo6ecconnBaroilIlrx ycraHoBox (ecll.r B gJreK-

rpoAerl4Aparopax / > 120 "C) r.r ycraHoBoK nepnzvnorl
nepepa6orru ue@ru (AT, ABT), MeroAbr 6opr6u
c xoropoft rr3BecrHbr 14 rrrupoKo BHeApeHbr n ue@re-
nepepa6arrrnarorqeft npoMbrrxneHHocrrr.

B I25-271 orMerraerc.fl, qro HeopraHr4qecKr,re
coJIlI He pacrBop.f,rorcx n neQrv, a na6ttoAaeMbre
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l. Ilpnruep Karr,roHrro-aHuoHnoro cocraBa BoAHbIX BbITt)KeK Ias npo6 ueQru Th;raxancxoro HIKM

flpo6a
Onpe4erxeubre KoMIroHeHrrt, ur/4u3

pH Ca2* Mgt* co3- HCO; cl- so?- Fe Na

BoAna.f, BbrrnKKa us ue@ru (npo6a
or24.07.04 x, cKBaxr4Ha Ne 179-006)

B nepecuere Ha He$rr

4,15 32,08

80,4

6,48

16,2

orc.

orc,

oTc.

oTc.

343,9

8s9,75

1,84

4,6

0,04

0,1

?{5 ?

638,25

r,rx orH o c rrreJr bHo B brc OKI,I e KoHIIe HTp a\r4vl cBfl3a"-

Hbr c npucyrcrBr4eM s HerZ cneAoB nrtacrosolt soArr
uJrvr xe np[cyrcrBr4elr corerl B Br4Ae Kp]'IcraJInoB,
Koropbre He ycneJlr{ ocecrb r.I3-3a BblcoKofi sssxocrpl
HeQu.r lr roHKo,ErrclepcHocrl4 caMl4x Kpl4crannoB.
3acolenue 6essoAHHx HeSreft o6:sqcH-flercs 3axBaroM

c He$rurc ne6oluuux KoJrr{qecrB Mr.{HepaJII,I3oBanHoft

norpe6euHoft no4rt, cKoITJIeHI{eM qacrll ee na sa6o.flx

14 nepproAr4rrecKoM nu6poce. B npoqecce Aera3r{po-
BaHvrfl. neSru npr.r ee noAbeMe B crBoJlax cKBa)Kr'IH

BOAa r{acTurrHo l4cllap.f,eTcg, ee napbl cMeIIIl4BaToTCfl.

c orAenflrouruMc.fl ra3oM [28-30].
Oror sHsoA rroArBepx4eH npl{ rIccJIeAoBaHI{I4

He$reft Kyleuroncxoro Mecropox4eHllfl. Tar, n rep-
Merprr{Ho oro6panuux uy6lrHurrx npo6ax vrc rrflTlr
cKBaxc,lH ycraHoBJreHo npr.rcyrcrBlre BoAbI, coAep)I@-

Hr4e Koropoft yrrreururuJrocb nocJle Aera3upoBaHl4.fl
ne Qu.r. Broprrru noArB epx4eHl{eM rlpoucxoAfl rlero
qacTr4qH oro vailap eHl,dfl, BoAbI npr{ Aera3r'Ip oBaHI4I4

ne$rr.rxuxerc.f, o6H.rHoe flpr4cyrcrBue rI,IAparoB B ce-

lapr,rp oB aHH o M ra3e. flp o n e4e Hu stit ava:luz ru.4p ara,
BbllraBrrrero flocJle [IpoMblcnoBoro II,IApoq]IKrIoHHoIo
cenapaTopa, IroKa3aJI, qro oH cocTollT npaKTl4qecK[
vs 4vrcrvnJrvrp onauu oft norut [ 2 8 ], fI o nalrlrnr 4aHHbIM
TiuraKaHcKax He$m xnnaerc.fl l\,{anoo6no4Hennort, co-
Aep)KaHr,re BoAbr no cKBirxnHaM MeHrrercq or cneAoBbIX

sHa.reHvft 4o I,8% (o6.). C soAoft HeQrr o6pa:yer
AocraroqHo crorlryro oMyJrbct4lo, Koropaq He pa3py-

rraercfl, npr.r o6uvnoM orcral4BaHr,Iu.
Anarus pe3ynbraroB 3a nocneAHr,re roAbl cBI,IAe-

TeJIbCTByeT O TqHAeHrIr4I,I K yBenI4rreHI'IIO KaK COAep-

)KaHI,Ifl xJropI,IAoB, TaK u BoAbI n He@r.ax rlo BceM Ao-
6rrsarouulr npeArrpvrrrr,rsu HIAY <,TaraxauHe@rr>>.

flo rvrepe gKcrtllyarauplr{ MecropoxreHvq MeHsercs
n coresoft cocraB Bo.IIbI. BHssaHo 9To cMerreHueM
noAToBapHorZ no4u I{ BoAbI, Ao6rrsaeN{oft z: soAosa-

6opnrrx cxniDKr,rH. flo uepe 3aKaqr4BaHr,Is cN4erraFIHoIZ

BOAbr rrpor,rcxoAr4T r{3MeHeHI4e I4oHHoro cocTaBa rrJra-

crosoft BoAbr 3a cqer HecKoJmxzx @axropon.
Ifnacmoeon I apmesuaucrcan eoda:

ca2* + 2HCo; <+ ca(HCo3 )2 ;

Ms'* + 2HCot e Mg(HCor)z;

Ca2* +2HCOt eCaCO, J+CO, +HrO;

co]- + Ca2* -+caco: J;

Ca(HCO3)2 + 2NaCl -+ CaCl2 + 2NaHCO3;

MgCh + H2O -+ MgOHCI + HCI;

CaCl2+ H2O + CaOHCI + HCI.

Ilttacmoeaa -l nodmoaapnan eoda:

so?- + ca2* + 5Hro -+ caSoa .5Hro J;

CaCl2* Na2SOa + CaSOaJ + 2NaCl;

CaCl2+ MgSOa -+ CaSOaJ + MgCb.

MoxHo npe.4nonoxl4Tb, qro npll saKaqKe rIoA-
ronapnoft Bo.qbl rlpol{cxoArrr BbIMbIBaHI4e Na- u K-
u3 ralwrra KonneKropa I4 nporeKaHl'Ie pa3nI'IqHbIX

o6ueuuux peaxqurZ, pearqtlti ruAponl'I3a rr "r.rr.)
BnllflIoluIrx na raonHurl cocraB, BblnaAeHrre v pac-

TBoprrMocrb oca,qKoB, a raK)(e $usuxo -xuMI4qecKI,Ie

csoftcrsa z pH cpe.qst.

flotrllauo pearqutZ fnAponu3a colefi MarHrg
I.dKAIIbTJt.lfli

Mgclz + H2O <+ MgOHCI + HCI;

CaCl2+H2O <+ CaOHCI + HCl,

r{oHbr pacrBopa u o6pasynilIeroc.fl ocaAKa Moryr
BCTyrraTb B peaKIIr,IrI c KoMrroHeHTaMr{ pacTBopa:

OH-, H-, co6crseHurrMpl I,IoHaMrr, rrocropoHHvll.ltor

BelqecrBaMu. AHanI43 rIoAToBapHbIX BoA cBl'IAerenb-

cTByeT o ToM, rrTo npl4 Ilx cMeIIreHI'M ApTe3UAnCXOfi

soAoft nogr,Io)Go nporeKaHl4e pearquft , npr{BeAeHHbIx

HI,DKe. flpu uaruvnl{ B rrJlacroBux/no4roeapHblx Bo-

Aax oAHoBpeMeHHo Ca2* ,Mg2* u HCo3 o6paeyorcx
HenporrHble pacTBopr,rMue 6lKap6oHaTbl Kanbu[s
14 l|'larHvq,,paBHoBecHoe coAep)€Hlle Koropblx TaIoKe

uo,q.qepxus aercfl. 3a cqer cso6o.quoro CO2 :

ca2* +2HCo; <+ca(HCor), u

Mg'* + 2HCo; <+ Mg(HCo:)z

r4 lilJree:

Caz* + 2HCO| e CaCO3 + CO2 + H2O Ia

CO]- +Ca* +CaCOr.

OAsaro rrpu yBenl4rreHIau pH paBHoBecl4e AoJDK-

Ho cMexrarbcs B cropouy o6pa:onauut CaCO3, t't,
Bo3Mo)KHo, o 6pason anu.a Kiulblrl4eBrrx ouoxeur.rrl.
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B npnuqune, lrcdoe HapylreHr4e paB:noBecutr, Ha-
npaBJreHHoe Ha yMeHbrxeHr4e pacrBoplrMocrr4 xap6o -
Hara MarHr4q, cHlDKaer pacrBopr4Mocrr CaCO3, xax
MeHee pacrBopr4Moro. Ou nepnuu Haqr4Haer Br,rnaAarb
B OCaAOK, IITO npI{BO.qI4T KyMeHbrxeHI{IO coAepxaHvfl.
xap6ouar-uoHoB B no4e. IlosroMy, HecMorp fl Ha ay-
ule crBeHHo e Hapyrx eH ve y cr^onurit xap 6onarHo ro
paBHoBecr4rr, r43 ruracroBbrx/flolToBapHbrx BoA, coAep-
)KaxruxrloHrr Ca2* z Mg2*, o6r,r.rHo Bbrrr4qaer CaCO3. 

,

Kap6ouar MarHu.s BbrrraAaer B ocaAoK 4o CaCO3, i

ecnl4 npor4cxoAl,rT cMelreHlle BoA, oAHa r43 KOTOpbrX,

coAep)€ilra.s vtoHbr Ca2*, ME'* 
^ CO3-, Haxo1.r4Tcfl

B paBHoBe c H oM c ocro.sHr4 pr, a rp\jrafl o6oraqen a Mg2 
*.

B xucloir cpe.qe cMerrleHue xap6ouarHoro paBHoBecr4fl
rrpor4cxo.qr4r B cropoHy o 6pazouauvx rz4poxap6oHar-
I4oHoB (HCOt), cnoco6crnyrculero qacrr,rrrHoMy
p acrBop er.rrro CaC 03 n MgCO 3. ero xapaxre p!rcyer -
ctr yBenuqeHr4eM KoHrleHTpar\uv HCO; s nracrosorZ
BO,IIE.

Arrarus npo6 cnu4erenbcrByer o Hailrzrvlrv H2 C 03,
HO npr{ [ocTo.sHHbrx.qaBJreHVu r4 TeMnepaType pa3_
.rrr{qHbre ee @opvmr B BoAHbrx pacrBopax HaxoAfrc.fl
B Ar4HaMr,rqecKoM paBHoBecvtr Me)KIy co6orZ. Ilepe_
cblxleHue pacTBopa conbro r43-3a u3MeHeHr.rrr.[aBreHuq
I4 TeMnepaTypbl I4nr4 CMeUeHI4q BOA OAHOTO TVrrrA)
Ho c pa3Hofr roHrlenrparyuefi r{oHoB (crueueuue
BoAbr, co.qep)€qerZ Ca(HCO3)2, c no4orZ eHcoroir
reMneparyprr) c4nuraer paBHoBecr.re peaKqr4r4 BnpaBo
u o6pasyerc.rr Malopacrnopuuurt CaCOr.

Bo4a, saxavuBaeMafl. a HeSrxnrre 3€uIe)K,1.1, ro co-
neBoMy cocTaBy oTlt4qaeTcfl oT rrJracToBbrx Bo.tr gTr.rx

sanexeft. era no4a coAep)Kr,rr cylreamr, a BoAa rrna-
croB HacbrrrleHa xJropKanrqlresoft 

^noAorZ, 
T.e. coAep_

)c4T rroBbIIIIeHHoe KoJrl4qecrBo Ca'- , B nopax IrJlacra
B pe3ynbrare r4x cMerrreHr4x rraoxer o6pa3oBarbc.rr rr4rrc,
BbrnaAaronllrfr n oca4ox B Br,rAe Kpr4craJrnoB. Cxerurr
Bo3MoxHbrx peaxqzft o6pa:onauu.fl TBepAbrx ocaAKoB
npr,rBeAeHbr Hr.DKe:

CaCI2 * Na2SOa -+ CaSOaJ + 2NaCl;

CaCl2+ MgSOa -+ CaSOaJ + MgCl2.

Berra.rvHa npe4elruofi pacrBopr,rMocru CaSOa
3aBr4cr4T or xuMuqecKoro cocraBa pacrBopa. flpn_
cyrcrBr,re B BoAe CaCl2 npvBolrar K yBeruireHuro
npe4eltnorl pacrBopr{Mocru CaSOa, npr4 MaJrbrx KoH-
IreHTparIrHX CaCl2 r4 3HaqvreJrbHbrx KoHrleHrparlrlrrx
NaCl npe4erbHas pacrBopr{Mocrr CaSOa Bbrrrre, qeM
B 4r4crr4rnr4ponanuo ft n o4e. eru 3aKoHoM epH o crr4
rrpr4cyrqr4 r4 rrrracroBbrM BoAaM. Tator<e Moryr npore_
Karb KoHK]4)zpy.prque peaKrlt4 r4 :

SOf- +H* <+HSO.;HSO+ +H* -+HrSOo.

IIpz cueueHvr{ rroAroBapuorZ BoAbr c apresr4aH-
crorZ neluxa BepoflTHocrr o6uenuofi peaxqrau uex14y
Ca(HCO3)2 u NaCl c o6pasonauvet r CaCl.r.

Bepoxruee Bcero, pH pacrnopa 6y4er lonv:xarbc .

B pe3ynbrare rvAponr.r3a MgCl2, xoropr,lrZ HaqvHaer
aKTl4Br43r4poBarbc.s npu 4o6aueHr4r4 apre3naHcxorl
no4u. flpu roHTaKTe c uracrosoft xnopr4.qHo-Kiurbur4-
enoft no4orl Bo3MoxHo BbrnaAeHr{e xap6ouaron Ca2*
r4 )Kere3a. flo4rnepxgeHr,reM [poreKaHu.fl no4o6Horo
poAa peaKrlrarl clyxar pe3ynbrarbr aHaJfirga orJro)Ke-
HurZ, oro6paHHbrx c pa3HbrxyqacrKoB rpy6onpono4on,
Iro KoropbrM lepeKaqr4Balorcs BoAHbIe noroxu. Tax,
Ha ueHrpaJrbHoM rryHKre rrolroroBKr,r ue@ru ( Un nH)
B HaqzurbHblir nepuo4 rlpv nycKe HacocoB orMer{iull4cb
sa6r,rsru orro)KeHr4.suu 6eloro rlBera. OcHony erux
ouoxeuuft cocraBrsrr4 oKcr4Abr )KeJre3a (-52%),
CaClr, MgClz ?20%) c nprzMecbro cylrQaron lrKap-
6onaron Kurbuvg. vI MatHtrfl .

He@rr Tataxaucxoro HIKM r4Meer Kr4cnyo pe-
aKrlr,rrc (suavenna pH soauort Bbrr.rDKKrr rrper4Myrqe-
crBeHHo 3,6 - 4,5) . Ha6lrc4aerc.fl Koppen.s \Lrfl, KLrc -
JrorHbrx qr4ceJr 

" C.,_ B coorBercrByrour,rx npo6ax
ue$ru. Cpanneuue c AaHHbrMr4, rroJryqeHHbrMr4
no yKa3aHHbrM [oKa3arenflM Infl,sana4uocn6upcxoft
He$ur c C". < 100 nrr/n, noKa3brBae! qro oHr4 Mzuro

orJrr{qarorc.fl or Kr4crorHbrx qr4cel npo6 ueeru
Thlarancxoro HIKM c 6ilasKrala coAep)GHrreM xJro-
pr,rAoB (80- 1 30 rr,rr/n).

flo co4epxaHrrro cMoJr r{ ac$a_nrreuoB ruuraKaHcKas
He@rr HecKoJrbKo orrr,Fraercfl or 3anaAHocra6npcxrax
ra uoxet 6r,rrb orHeceHa K cMoJItIcrbIM, a rro coAep)Ka-
u urc n ap aQ r4 H oB H e flBrrfler c fl yHlrral tn o ft . Hasrur'rue
B HeKoropbrx lpo6ax ne@ru coler? B Br4Ae B3BerrreH-
Hbrx TBeplbrx qacTr4u, a TaK)Ke MeJrKoAr,rcnepcHbrx
BblcoKocoJreuux uo6yl rlrtacrosoft so.qbr, rroKpbrrbrx
6pouupyroruraN.rra o6oro.xauu us ac@iurBreHo-cMoJrr4-
crbrx KoMrroHeHToB ne$rn, cnoco6Ho 3Haqr4TeJrbHo
ocJro)KHt4Tb npoqecc npoMbrcJroBofi lo4roronru.

He(frr Tanaxaucxoro H|KM - ManocepHr4-
crax (ceprr o6rqerZ go 0,5% (ruac.)), napaSunu-
crar (co4epxaHr4e napa$uua - I,8-I,9% (uac.))
Lr cuoJrvrcrax (co4epxaHr{e cMoJr cr4Jrr4KareJreBbrx -9,4-I0p% (rraac.), ac$alrreuoB - Io 0,1% (vac.)).
TexHoloru.recrurl r,rH.qeKc neQru no OCT
38.0 1 197- 80 - < 1. 3. 1. 2.2,>. Hegrr ThnaraHcxoro
HIKM no coAep)<aHurc H2S Ir.[erK]rx MepKanraHoB
B coorBercrBt4u c fOCT P 51858-2002 orHocurcs
x 1 nu4y - MaccoBaq 4ona H2S < 20 tvtf l, vraccoBafl.
Aonrr Merr.{n- r,r grr4nMepKarrraHoB B cWMe Ao 40 *rr / n
fina cpanueHr4rr: 3ana,qH ocvt6upcxanHe@rr coAep)Kr4r
ne 6onee 5 tvtt/lMepKarrraHon (cuecr r43onponr4nrr4-
ola, rper-6yrr4Jrrr4ona n 2-6yrauulola). flpu erolr
Ha orarrax r43BreqeHr4s rr3 cKBa)szH, l-itv,2-it ctyne-

l0 
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Hf,X Celapaqr4r,r, c6opHbrx pe3epByapoB Ha npoMbrcne
r4 roBapHbrx pe3epByapoB Ha He0re6a3e II. Br,rrr,rM

coAepxaHr,re JrerKr4x MepKanraHoB B HeoTr4 npaKTr{-
qecKu oAI,IHaKoBo.

Cyrlr rrr ap uo e c oAep)GHr,re JI e rKr4x M epKarrraHoB
He npeBbllxaet 25 tvt f I, y roM irr4cre MeruJr- 14 orr4Jr-

MepKanraHoB - He 6olee 2-3 trr /t [pr{ HopMe
ne 6oree 40 rr,rr/r. ero o3Harrae! rrro HaAaHHoM orarre
gKcnnyarallr4r{ Mecropox4eHr4.rr orcyrcrByer ue o Q.-

xoAr{Mocrb r4cn oJrb3 oBaHrrfl. Ha cr a4'vv nepsu.rHoft
rroAroroBKr.r ueSru AolonHr,rreJrbHbrx Meponpunvilt
no CHTDKeHI{IO COAep)€HI,Lfl IeIKI4X MepKaIITaHOB, T. e.

roBopr4T o ueqerecoo6pa3Hocrr4 AeMepKarrraHr{3arlrlr,r
ueSrra.

I4s rorrusurrx Sp arquft rvrero.qorr{ ruero.{uoft
o6pa6orxu BbrAeJreHbr KoHrIeHTparbr cepHr{crbrx
coeAIanenutZ, Koropble r{ccJle.4oBiul,Icb c rloMoulblo
xpoMaro -Macc - crreKTpoMerpa @upnru <<Hewlett-
Packard,>, B cocraB Koroporo BXoA.rrr rasonurZ xpo-
uarorpa$ HP-5890 series 2, Macc-ceJreK:rusHrrft
AereKrop HP - 597 2 v pa6ouan craHrlu.fl c nporpaMM-
Hrru o6ecnerreHr4eM rurq o6pa6orKr,r AaHHbrx yt 6a-
3aMr{ Macc-cneKrpanbHorl zn$oprr,raqur.r NIST98. L
z WILEYl38.L. XponarorpaSnuecroe pasAeneHr4e

np o B oAr4nr{ Ha Kailr4rl.rrflp uoft xorou re H P - 5 lr'vmoit
30 rr,r c reMneparypnoft nporpaurvroft 30'C (5 unn) -
5'C/rvnru - 150 'C (10 rrazH). Teuneparypa rIH)KeK-
ropa - 280 "C, AereKropa - 280 "C. Xpolrarorpauurr
o6pagqos perlrcrpr,rpoBaJrr4 no rroJrHoMy r,roHHoMy roKy
B Ar4ara3oHe Macc or 35 .qo 650 y.e.

I,I.qeurr,r0uKaur,rrc npuuecerl o o 6p asqax npo -
BOAr,rJrr4 CpaBHeHr4e M MaCC - CrreKTp OB pa3AeneHHbrx
KOMIOHEHTOB CMECI'I C MACC-CIEKTPAMI,I, COAEPXA-

n\vMr4cs. B KoMrrbrorepHbrx 6u6nlrorexax NI ST9 8. L
u WILEY138.L, u pacqerHbrM nyreM. Kolprqecr-
BeHHbre AaHHbre o cocTaBe r.rccneAoBaHnrrx npo6
paccqr,rraHbr MeroAoM nnyrpe nHeft HopMturr{3arlrlr4
6es rp a4yr,rpoBKr.r Macc - ceJreKTr4BHoro .4ereKTopa
no u4euur@rlrlrrpoBaHHbrM KoMrroHeHraM Qa6t. 2).
flpu anatm3e BbrAeneHHbrx r{3 TaJraKaHcKolZ HeSrz
(fpaxquft ycraHoBJreHo, qro npsMoroHHrre 6eHgzno-
nue $paru1ur4 coAepxar MepKarrraHoByro cepy 14 xa-
paKTepr.r3yrorcq Hr43KnM oKTaHoBbrM qucroM.

Kepocunonax $parqus 120-240'C (ron.nuoo
TC-1) rro ocHoBHbrM noKa3areJrsM KaqecrBa coor-

BercrByer rpe6onauuxrvr fOCT 10227 <,TotlurlaBa g.ns.

p e aKTr4B Hbrx ABr{ rareJl e IZ. TexH uqe c KI4 e y c JroBr4fl>>,

Ho coAepxur 0,018-0,020% MepKarIraHoB, rorAa
KaK r4x coAep)KaHr4e He AoJD(Ho rrpeBbllrars 0,005%.

[u:elrurre rr4crkrlrnflTr,r tto ocHoBHbIM rroKagareJrtM
KaqecTBa, 3a rrcKrlloqeHl4eM rloKa3arelq <<coAep)KaHLIe

MepKarlTaHonofi ceprt>>, coorBercrB)'Ior rpe6onanuau
f O CT. B p esyrrrare r4ccneAo saHraflr BbIAeJIeHHbIX

ns npo6 clrpoft ra o6eccorenuoft ueQrrl 6ensuuosoro
(HK - 120 "C), Kepocr4HoBoro (120-240 "C) u ru-
3eJrbHoro ( 240 - 3 0 0 " C) .qprcrr,lnnfl roB ycraHoBJIeHo :

. MepKarrTaHoBbre yrneBoAopoAbl HepaBHoMepHo
paclpeAen.f,rorc.f, ro Spaxquru riulaKaHcKoft ue(f-
tvt, uavt6otbrrree ux KoJrr4qecrBo KoHlleHTpupyerct
B Kep o c r,rH oB o M r,r rlr3en bH o M Ar{crI,In rflT ax (I 63 - l7 9
ppm);

. B ycJroBr4xx pa6oru o6opyAonaHr,rs IIeHrpa
rroAfoToBKr.r cbrpbq MepKarITaHbI AocTaToqHo TepMo-
cra6uarnrr: Iax coAepxaH]re Bo @parquax cupoIZ
u o6eccorenuofi neQru npaKTprqecKll oAIlHaKoBo;

o n oro6paHHrrx npo6ax neQru lr @parquax, nrr-
AeneHHbrx r43 Hl4x, oTcyrcTByIoT JrerKI4e MepKarITaHbI

Ct-Cz, uro o6ycroBJreHo yAiuIeHI4eM lrx c ragosoft

@asort B rrpoqecce nepnzunoll noAroroBKl4, rpaH-
cilopTrl p oB KLr v xp aHeHI4tr.

Ilpe4craueHHbre Ha rrccneAoBaHple npo6u ue@rra
pa3nr4rrarorcq rlo xapaKrepy pacnpeAeJleHl4s cepHl4 -
crbrx coeAr4nenuft rro y3K]rM Opaxuu.f,Na:

o s 6eusruoBbrx Ar{crt'trlrflTax (HK - I20 'C)
cepHllcTble coeAI,IHeHu.g npe.qcTaBneHbl TonbKo Mep-
KarIraHaMlICz-CqunerKr,IMI4AvranKvncynbopr.qarrlu;

. B Kepocr4Honrrx @paxqvrx(120-240 "C) o6ua-
py)r(eH 6oree lrzporuft cneKrp cepHucrblx coeAl4-
ueHr,rft, BKnroqarcrluit s ce6n, KpoMe MepKarITaHoB

u cynr$u4oB, coe.qr{HeHux ruoSeHonoft crpyrrypu.
MepxanrauoBbre yrJreBoAopoAbl [peAcraBneHbl coe -
g;z'HeHrrnvrvr c 6oree nrrcoxofi nroneryrapH otl uac coft ,

6olruas Aon.rr B Hlrx npr4xoAvlTcs. Ha MepKanraHbl
Cs-Ce .

Kax s 6eHsr4HoBbrx, TaK r4 B Kepocuuonux QpaKII[-
.flx 6orrilra.fl ,qorrfl o6rqeft cepbr npuxoAr4rc . Ha cylrb-

@ra4nrre coeAr4HeHr4s - nerKr,Ie iInKr4JI- 14 rr4urKrtlr-
cynrOraaii, o6laAarcIuue cneqra$nqe cKI,IM pe3KI4M

uepxaniaueBbrM 3arraxoM I,I, KaK r{ MepKanraHbl,
oKa3brBaroulre BpeAHoe sosAeftcrslre Ha opraHI,I3M

2. Co4epxaHr{e MepKarrraHoBbD( yrJreBoAopoAoB B TorrJrHBHbrx Al{crrrJrJrflTax ra.naxancxofr ne$rn

lt

flpeaen
BbIKLIIIaHIIfl
Sparqrara, "C

Co4epxaHue MepKanraHoB, ppm

BxoA na rleHrpiurbnyro
nepeKaquBaroxryro cTaHrlr{rc

Buxo.q c l-fi cqmeHn
o 6 e c c olun aH us / o6 esn oxvBaHvrfl

BrxoA co2-ircryneHl4
o6 ec conun aH us / o6 essoxxBaHvll

HK-120
t20-240
240-300

r37

t70
t63

t43
176

179

t34
r66
r66
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\\\\\\\-\.8\\\\\\\\\\x-\\\\(\R\\t\R\-K"\R\I\$.

r4AeHrI4or{KaIII4fl 3aTpyAHr',IreJIbHbI' no gToMy B c IreK-

rpax Ar'I3enbHbIX OpaKrJvrit' (240-300 "C) yAanocb

vleHTLrllrrfIrpoBaTb TolIr,Ko cepHT4CTbIe CO9ILTH9HVIfl

rl4o$eHoBofr nPuPo4sI.
Taxuu o6pasou, rtp,aMoroHHEIe Kepocl4HoBbIe

I4 Av 3eJIr,HbI e $pargwtv3 rzulaKaHcKofi ueQru 4rt1 no-

JryqeHufl. vt 3 Hr4X COOTBeTCTByIOIUI4X rOBapHbIX TOTIJIT{B

nonxHbl rloABeprarbc{ rl'I.qpooq vcrKe B ycroBl4'fl X

HfI3, .rro He orJlr{qaercs or rpa'ql4ur'Ionuoft npaKTI'IKI4

nepepa6orxra ronapuoft sanaAHocu6ltpcxoft HeQru'

KopposttouHble pa3pyueHl{fl I{ cucreMa

3alrII{TbI o6opy4onaul'If Aooblrlu' noAroroBKI'I

u nepepa6orKrl HeOrI'I Thnaxancxoro HIKM
flpoqecc o6eccorlrsauu-a HeQru Talarancxoro

H|KM, csssaHHlrft c ee oco6eHHocrflMlr' AerzulbHo

I{3}^ICH HAMI,I B AB}D( HATIPABIEHI'I,flX:

o rroAroroBra He$ru Ha rlpoMblcne .uo ypoBHq'

coorBercrByrcurerc I rpynne KaqecrBa no IOCT P

5 1 858-2002 <,He@rr. O6uue rexnl4rrecKl4e ycnoBl4fl )>

(4ona no4rt <0,5% (o6.), xouqeHrpalll4.fl xnopl4AoB

<100 ur/r);
. rroAroroBra HeQru Anq lepepa6omu Ha ycra-

HoBKe nonyqeHuq 6urYuon.
floArorosxa npo6 neQru, coAepx€IqI'IX x;Iopl4crble

coJrl4 B Korl4qesrBe <200 wr/ry He BbI3BiuIa oco6rrx

3arpyAHeHI,Ift.[tts erux npo6 npu pacxoAe npoMbIB-

uofi soArr 5-10% (rr'rac.), AeeMynbraropa 6-25 r/r
14 reMrleparype o6pa6orxra 40 'C locrrarHyra BblcoKas

crerr eHb o 6e c corus aHrrfl - Ao 8 5 7o . f lpn yne lfilverlr4r4

coAepxaHr'Iq xnopl4roB B He$ru.qo 300-400 rvrr/l npn

aHzuIorI'IqHbIX ycnoBl'Ifl x o6pa6orxu crerreHb o6ecco -

rrrtBaHvrfl.<62%.
flpIa uoAel vrpoBaHnkr o6eccorlrsauua npo6lr

ue$ru I43 cKBut)Kr'IHu Ns 179-006 (ra6n. 3) ycrauon-

JreHo, qro yBenI4rreHI'Ie pacxoAa npoMblBoqHoft soArr

r{ AegMynbraTopa, noBbIIIreHr'Ie reMnepaTypbl lpoqec-
ca, I4HTeHCI4BHOCTI4 rIepeMeIxI4B AI].l4fl' H e ro3BorqeT

3. B.nusuue pasJrnrtHblx BapnaHroB o6pa6orrl npo6 cupoil
or 24.07 .04) Ha ocraroqnoe coAepx€Hlle B HIlx xJropl{crbx

\s($sse..re,\rln)x-e,\Ntrft c,qEe\.lctK\\q.XItqQrAKoRco[e{t

\N\\sNNxs,N\NNNsl-\s\\\\\\\\rN\\\s-
Hoft o6pa6orre' O4na I43 nplrqllH - tr'lallrir pa3]tep

uo6yl, B3BeueHHbIx s o6le\'le lie$nra' CroxxnoseHt":

erux uo6yl c KpyrIHbIMv Kailrflvtu npovtrtnouHofi

BO.IIbI r{ ufirtrHr\e craHoBr4Tgfl, HeBO3MO)KHbIM, TaK KaK

KarIJrI4 ManbIX pa3MepoB nerKo yBIeKaIOTCq IroToKaMI4

ue@ru, o6rexarcruuuu 6olee KpylHble Karrrrv npv
lIXI]BI./XEHVIId,

f lpttotcrauBaHr4u14TpaHcrloprl4poBKerIJracroBbIX
xr'tArocrer? no.4 nefi crsl4eM .ueoMynbraropoB npovc -

xoAI4T pa3pylxeHue gMynbcl4l4 14 BbIAeneHIze so.u,HoIZ

Sa:u' Ha uusunHblx ) IacrKax rpy6onpoBoAoB' Ire-

peKaqr'IBaIoxIlIX cblpble ue@rtl. orAenllBilra'fl c s' rra-
croBaq BoAa Mo)(er HaKallJrl{Barlcq. B oTI'IX ycJloBl4flx

lpoucxoAl4T 3HaqI'IreJIbHOe ycI'IJIeHI'Ie KOppo3I',II{ Me -

TAJrrA,qro rracTo npI4BoAI4T K CKBO3HbIM pa3pyllreHugM

MeraJIJIa rPY6onPono4on.
flpra lo4roronre ueQru Talaxancxoro H|KM, co-

orBercrByloueft I rpynle KaqecrBa, o6ecne'rl4saercq

crerreHb o6eccolIanaHvfl, [o 85% (npu coAep)KaHI'{I4

coleft Ao 200 ur/l) oAHoKparHofi npourrnroft soAofi

c t:40 'C, pacxo4e npoulrnHorZ solst5-10% (uac')

Ha cblpbe, a AeoMyJlbraropa leprynec 1 0 I 7 - 6-25 t I r'

flpn co4epx a.rrvucoteiltlo 300-400 rur/,urt'r3 crerreHb

o6eccolnnalvtfl. B rex )Ke ycroBl4qx < 62% [pI4 ocra-

roqHoM ypoBHe colerZ > 100 rr'lr/1. flpu co4epxauuu

coleft 6olee 500 rrlr/l oAHocryrleHqaroft npoMbIBKI4

He,IlocraroqHo. Anq orpa6orxra ycroft q[soro pe)Is'IMa

rloAtoroBKu HeQrrl [poBeAeHbI npoMr'IuneHHbl e

vtcrrbrr aHprfl c o IITI,IMI43 aqla erZ nap alrerp o B np oue c c a

14 BbIIroJrHeHa MareMarl'Iqecran o6pa6orKa c nu6opolr

Tex flapaMerpoB pe)Kr'IMa, [p]I Koropblx o6eccorennas

HeQru coorBercrBosana I rpyilre KaqecrBa no IOCT
P s1858-2002.

3a,{aqa srt6opa orITI{MarIbHbIX flapaMerpoB pexr'IMa

o6eccoilasaHl4q yflpotuaerc.x npr'r o6o6ilIeHl4r'I AaHHrIX

rlo cocraBy ue$ru c flocneAyloueft ux MareMarI'I-
qecxoft o6pa6orxoft Ia pacqerHblM onpeAeneHl4eM

rpe6yeuoro orrrr{MaJlbHoro KoruqecrBa AesMynb -

raropa Ha ocHoBe an[poKcI'IMA\Vr4 3"wX AaHHbIX'

ueSrn Thlaxancroro HIKM (cxnaxuna Ns 179-006
corefr u 7o (r'lra;c.)nolnt

Bperr,rx
[epeMerruBaHI4q,

M14H

Pacxol
npoltrrnnofi

sor*,% (rulm.c.)

PacxoA
AesMyJlbraropa,

r/r
992,8/29,9

tt59,2/18,1
939,5/33,7

lr3t,8/20,1
643,8/54,56

0,47

r,07

r,07

7,83

60

60+60
60+60

60

60

15

15+15
15+15

15

10

25

10+ 10

20 +10

50

50

10

25

50

20

40
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Anlporczrrr ar\rtfl. p,aer Bo3M o)KHocrb B ycnoBr4qx
3Haqr4TeJrbHoro pas6poca xapaKTepr4crur ne$ru no-
ny{r4rb ycpeAHeHHbrft pesyrmar, uau6oree 6 r:r'sxufr.
K OrrTlrManbHoMy.

Ilpanan a.needpauaecrcan odpadomrca
p uytbm amo I 7tccnepuMeum a

Ocyqecruqerc.fl rto BeKTopHo-MarpuvHoMy no-
Jrr4HOMr4ZUrbHOMy ypaBHeHzro: t

\: XB' (1)

r4e Yn - cro1t6qonrrft (unu crpovHuft) BeKrop
pa3MepHocru mxI (m - xollttqecrBo [poBeAeHHbrx
B gKcrrepr,rMeHTe orrbrron) pacverHux KoJrr4qecrB Ae-
9Mynbraropa;

X - rraarpuua pe3ynbraroB rr3MepeHr4fl coAep)GHr4r
nplaueceft n HeQru pa3MepHocrvr mxn (n - xorlrve-
crBo nepeMeHHbrx r4 r{x npor43BoAHbrx - ruHefturrx,
KBaAparr,rqHux, ry6uuecKr4x 14 T. A, cocraBJrqrouux) ;

B - nexrop annpoKcr.rMarluoHHbrx roe$SvqraeHron
rroJrprHoMr4ut[rnofi sanr4cr,IMocrr4 pa3MepHocr u mxl,
onpeAeJrreMrrft ras r4cxoAHoro ypaBHeHrlq KaK

B: X-lyr, (2)

rAe Y, - BeKTop rrcrroJrb3oBaHHoro B gKcrrepr,rMeHTax

KOJrr/HeCTBa AegMynbraropa; X-l - o6paTtran Marplr-
rla pe3ynlTaToB r,r3MepeHvs. cop.epxranux npnnreceft
n He$rur

PasnepHyurir, nkry, ypaBHeHvrr ( 1 ) Urs cnyrafl an-
flpoKcl4Marlrrr,r noJIuHoM ow 2 -it creneHr,r :

x?n

x2zt

x2.t"

AnnporcraIltaql,Ifl rlo AaHHbrM ypaBHeHr4qM cqr,ITa-

erc.rr aAeKBarHotrt, ectrutee ouru6ra 6: Yo - Y" 6rus-
Ka K Hynro lrrrr4K raronry-rur6o 3apaHee 3aAaHHoMy

rrpeAeny. Ha npaxrure [pr{MeHeHr,re pacqerHbrx BbI-
paxeHrafi (1), (2) u (3) ue orrrvqaerc-nsncoror?Aocro-
BepHocTbro pe3ynbTaToB no cne.4yrorql4M npuq[HaM:

. rroflyrreHlre o6paruotZ rrlarpr'Iqtr X-l ocro)KH.flerc.g

nroxori o6ycrouenHocrblo rncxoAnorl vlarpuqrt X
s 6orunr.rFrcrBe cnyqaeB (onpe4emrerl A 6ru'Ieoxx0);

. r4cxoAHa.fl Marpr,rua X.qorxsa 6rtrr xna4paruoft
(c pasrraepuo crslo nxn), T, e. KoJr}rqecrBo r,I3MepeHHbIX

oKcrrepr.rMeHTarrbHo BXoAHrIX flapaMerpoB (npllvreceft
n neQru) AoJDKHo 6nrr oAranaKoBbIM c KoJII,IqecrBoM

rrpoBeAeHHbrx oKcrrepuMeHToB (uHave rpaHcnoHl4-
poBarb rcxoAHyrc uarpuqy X n o6paruyo Xll Hesos-
tr,tOXnO).

CyuecmeHno 6olee sucoroft AocroBepnocrblo
oTrr4qaroTcs pe3yJrbTaTbr annpoKcr4M a\w B cnyqae
I4CnOJrb3OBaHr4q CleUr4aJrbHOrO npr4eMa - rrpeA-
Bapr.rreJrbHoro pa3noxeHr,rr Marpr,ruu X ua rpr4 co-
cTaBnqrorlr4x c rrocne.qyloxlrrM t4x r4crroJrb3oBaHr4eM

B onpeAeneHHoM lops.qKe B Kaqecrne uarplrqrr X-1.

I aHHoe pa3no)KeHr.re Ha3blBaercq <<cr4HryrspHbrM >>

r,r pe€urr3yercfl c noMonrbro oneparopa <,SVD> r{3Becr-
uor? nerropHo-Marpr,rrrHoft la6oparopur,r <<Matlab>.

MeroA o6ecneqzs aer .MvtnuMyIra ouu6ox npra
ToqHocrr{, MHoroKparHo flpeBbrrxarcureft roqHocrb
Apyn4x MeToAoB an[poKct4Mar\vrr4, u [pI4MeHI4M An.fl

uarpuq nrc6oro rr,rfia u pa3MepHocrr.I, qro rlo3BoJrfler
rrprr Mr{Hr,rMamnou ua6ope KoHrponl4pyeMblx napaMe-
TpoB oneprrpoBarb c HeoIpaHI{qeHHbIM KoJIr{qecTBoM

9Kcrrepr,rMeHTiurbHbrx AaHHbrx r{ cooTBeTcTByIonII4M

rro BbrrrreH r4eM Ao cToBepHo cTI{ aII [p oKcI4M a\v\r.

Ilpanepu annporccuMaquoHHb tx p acqemo 6

Ka.recrso anlpoKcr4Maul4rr cyuecrBeHHo 3aBvrcvlT

or Halre)Karrlero nrr6opa HoMeHKJrarypbI lI KoMrIo-
HOBKI{ oKCnepI4MeHTUlIIbHbIX pe3ynbTaToB B rpynnbl,
c oAep)Karrlr4e coqeTaHl4fl HecKonbKl4x rlapaMeTpoB.

Tar, ecaz nrr6parr B KarrecrBg orlepaHAoB gKcrle-
pr,rMeHTanbHbre napaMerpu Y", p : Clu'* hur/,qla'l -
coAepxaHlle xnopuAoB s o6eccorennoir ne$tra;
Xl : C1"* [rr.m/arra'] - coAep)KaHlre x;ropl4ron n crrpoft
He$ru; E : Tr.uo,* [ " C] - reweparypa He$TI,I Ha Bbt-

xoge; X3 : 9"1% (o6.)l - pacxoA npolrlunuoft BoAbI;
X4: Q" [itr'/.r] - pacxoA ne$ru na o6eccornBanvre)
roouru6xraannpoKclrMarluvrgnagvrreJlbHblr,r3-3axao-
rravHocrr,r r.ljrleperyJrrpHocrlt r,r3MeHeHr.rs [apaMerpoB
no oruoureirrlr,o Apyr K.qpyry.

Ecnu re x<e onepa44br npeAcraBnsnr co6ori co-
qeraHlr.fl Yp,": 0o"" lr/rl - pacxoA A-eeMynbraropa;
;11 : Clu*/Cluu,*; X2 : Q,Q,/I}0 [rra'/'r]; X3 :^Q,
[rnr'/'r]; x4 : 4 uo,* ['c], (rg,e cl,o* : 90 ur/arvr' -
HopMarrlBHrrft uoragatelr IOCT rlo AolycrlrMoMy
coAep)r@Hrrro xJropa n ne@ru), ro ora KoppeKrr'IpoBKa

cyrlecrBeHHo ynyqnaer xapaKrepl4crl4Kv peryntpHo-
crr,r Mex4y ocHoBHbrMr{ BsalaraoAeft crByIouI,IMI,I napa-
MerpaMI4 - Qo"*, Clu*, C1"",*, npI,t oroM nplaeulerrarrrZ
pe3ynbTaT B pacqeTax cIlcTeMbI B IIenOM nrOXer 6rrrr

lot (rl xn-l
! pt | *r, x.t.t_-l

'-t'
'l

I!p^ txrr xm2

l3"I(oppoarr: rvfirreprarrbr, sallrytra), Ne 3/2018
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nonyrreH npr{ anlpoKcvMawrkr cr,rcTeMbr rroJrr{HoMoM
rperbefr cTerreHr4.

Taxr.ru o6pasou, Ans MareMaruqecxoro o6o-
cHoB aHr4.rr n 116 op a xapaKTep r4 crux o 6e c co rvaaHvrfl.
HeQru lyreM annpoKcr4Marlr4r.{ gKcrlepr4MeHTaJrbHbrx

AaHHbrx ueo 6xoAzrua np eABapr4TerbHaq coprr{poBKa
u o6pa6orxa pe3ynb'raroB oKcnepvMeHra rro @rasnro-
xr4MvqecKr4M, TexHLrqecKVM r,r Apyrr.rM coo6paxeuuxrvr,
a raKxe r,rx KoppeKTLrpoBKa no4 rpe6onaHr{s Hop- 

,,

MarvBHo-Texnra.{ecxofi AoKyMeHTarIr4r4 K rrpoUeccy'
o6ecco[,IsaHIaq. B gToM cJr] {ae npr.r rrrlarenbHoM rrpo-
BeAeHr,rr,r AaHHbrx npeABapr4reJrbHbrx rporleAyp pa3H[-
rla B pacqeTHbrx Ir 9Kc[epr4MeHT€urbHbrx pe3ynbTaTax

He sBrsercq ouu6xori a[[poKcr4M a\prv, ayKa3brBaer
ua He o 6xo4r,rMocrb Kopp eKTr,rpoBKr{ rroKasarereft
pe)fl4Ma B cropoHy, o6ocnosaHHyro [on] {eHHbrMtr
MaTeMaTI4qe CKt4lI{n 3aBI4CI4MOCTSMU.

flp e4l oxe nnrrrZ Haura M ero.q arr rrp oKc r{Marlr4 r4

.nro6rrx exclepr4MeHTanbHbrx pe3ynbraroB Ans Aocru-
xeHu.fl I{x aAeKBaTHOCTI4 OnpeAeJIeHHbIM MaTeMaTI,I-
r{ecKI,IM 3aB}rcl4MocrqM, ocyrqecrsreuHoll Ha ocHoBe
HaAnexarqero nrr6opa BXoAHbrx t4 BbrxogHbrx nepe-
MeHHbx, tuoxer 6rrrr IrcrroJlb3oBaH Ars onrr,rMn3aLpttr
lpouecca rro4roroBKr,r HeQrra lro6oro cocraBa.

KopposuonHafl arpeccrrBHocrb
He$rr,r r rpoAyKroB ee nepepa6orxu.

llnru6uropHafl sarrlrrra o6opy4onauux

VIs ruaxaucror7 ne@ru MoiKer 6urr nolyreuo
56,2% MaJrocepHr4croro Ma3yra MapKr,r 40 (ocra-
roK - Bbrrrre 350'C, coAep)GHr4e S 0,67-0,73%,
a no IOCT 10585 <3,5%) v 52,9% MarrocepHr{croro
Ma3yra MapKr,r 1 00 (ocraror - Bbrrrre 37 0' C, coAepxa-
nue S 0,70-0,75%). Baryp,rusrrirasofirr 350-500 "C
coorBercrByer rpe6onaHr4qM TV 38.1011304 Ha ra-
softrn uaprua <<A>> , BbrXo.{ oro cocraBJrs er 29 ,9 -30 ,8% .

Cyurraapnoe rroreHrrr4anbHoe coAepxaHrae 6 asosoro
MacJra c r,rHAeKcoM B.fl3Kocrr4 90 cocrasrser 33,1-
35,3Vo B pacqere ua ue$rr wtm 60,2-62,8Vo, cvtr-
Tas.Ha Ma3yr Bbrrrre 350'C. B npoqecce oKr4cJreHr,rr
Ma3yra rzuraKaHcKorl ne$ru rtpn t: 245 "C u280 "C
6uryrvr coorBercrByer rpe6onannqN,r |OCT 22245 -90

ua 6uryu MapKr4 BHI200/300 c saracoM Kar{ecrBa
no neHerpa\r4v npr4 0 'C (ra6n. 4). Oro rro3BoJrser
rlplrMeHflTb rarorZ 6uryu n paftoHax c xoJroAHbrM
I']IUMATOM.

B rpy6onpoBoAax rleHTpiurbHoro nyHKra noAro-
ToBKrl He@ru Koppo3rzoHHr,re npoueccbr olpeAen.sror
ocHoBHbre peaKrlr,rr4 :

npz pH ) 7:

Fe * 02 + H2O -+ FeOOH + FeO;

Fe * CO2 + H2O -+ Fe(HCO3)2 -+ FeO;

Fe + HrS -+ Fe,S, + 2H+(H2);

Fe + RSH -+ (RS)Fe -+ FeS;

Fe + RCOOH -+ (RCOO)2Fe;

npu pH ( 7:

Fe + HCI -+ FeCl2.

Ha ycrauonxe [epBr,rrrHoft nepepa6orKr4 r4 lonyqe-
HIrx 6uryuoB Koppo3r4oHHbre npoqeccbr rrplr l> 100 "C
oflpeAenqrcT peaKrlr4r4:

Ca(Mg)Cl2 -+ HCl-+ FeCl2;

Ca(Mg)Br2 -+ HBr -+ FeBr2;

Fe * HrS -+ Fe,S, + 2H+(H2);

Fe + RSH + (RS)Fe -+ FeS;

Fe + RCOOH -+ (RCOO)2Fe.

Kopposunuocrr ue@u.r Talaxancroro H|KM
HA CTAIUU r43BreqeHr{s r43 cKBaxr4H r,r r43 pe3epBy-
apoB orrpeAeJrflJracb rpaBuMeTpr4qecKr{M MeToAoM
lpr4 reMneparype oKpyrKarorqert cpeAbr B ycnoBlr-fx
r o crosHHoro flep eMeIIr t4BaHtrfl.. Ycran osreH o, qro
neQlr c Hlr3Kr4M coAep)KaHVeM no4u (He 6olee 0,03%
(uac. )) o6naAaer ueBbrcoKr4M ypoBHeM arpecclrBHocrr.r
(cxopocrr o6qeft Koppo3r,ru 4o 0,1 urra/ro4). Taxranr
o6pasovr, neQrr Tararaucxoro HIKM c Hlr3Kr{M co-
Aep)€Hr4eM xJroptrcrbrx coneft pr Bo.qbr no ypoBHro ar-
peccI,IBHocTr4 He oTJrr,FraeTc_fl oT Tpa,4vrllroHHbrx 3ana.rl-
uocu6upcrurx'ue$reft . O.4naxo Aaxe Ha yrnepoAucroir

4. Pesylrraru la6oparopnnx ncurrranraft KaqecrBa 6nryuon us neSrn Thnaxancxoro HIKM

lloragarenra KaqecrBa noJryqeHHoro 6urvua
I4a nasyra

ranaxancroft
He@ru

?Is ry4pona
sana,4Hocu6rapcrori He$ru

(OOO <KI,IHEO>)

Tpe6onanzx
focT 22245-90
ua EHA200/300

Teruneparypa pa3M-rrrqeHras no KI4III, "C

llenerpaqzx, uu
rrpu25'C
nPu0"C t

Irlngerc rreHerp arlr4r4

39

255

263

+0,8

47

80

15

He nraxe 35

201-300
ne ueHee 45

+1

t4 .d{opposrr: MaFeprarrbr, 3arrpra> Ne 3/2018
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cTaJrr4 Ha6JrroAiurr4cb [rrTTt4Hrr4 - oT 3apox4arotuerocs
Ao r{HreHc}rBHoro c Ar4aMerpoM nopaxeHufi or 0,I29
4o 0,388 urr,r u uy6unoft or 0,012 4o 0,028 nrw (sa24u
vcrtsnauufr). B erzx ycnoBr,r.flx cKopocrb Koppo3t4tr
MerzrrrJra Mo)rer 6rrrr 4-10 urvr/ro4.

Irlccle.4onaHr4.fl Koppo3r,rBHocrrr He$ru B ycJroBr4-
flx, vrMr4Turpynuux pa6ory repMoorcrorlnuxon, r4e
npor4cxoAt4T pa3pyrrreHlre sMynbcr,rlr r{ oTAeJreHr4e
no4uofi $asu (zcryccrBeHHar cMecb ne$rr-no4a
B coorHorrresvu 9:I npu I orcro x 40 'C), rroKa3iurr4,
qro cKopocrb Koppo3l,ru rro cpaBHeHr,rn c 6essoAnHrar4
ue@rauu Bo3pacraer Ha [opflAoK.

MoHnropuur Koppo3t4r,{ ocHoBHbrx rpy6olpono4on
B UeHrpe no.qroroBKr,r cbrpbs vrlaa4o>KnMnofi Hacoc_
HoIZ cranqlrv rroKa3tul, qro:

. r4cxo.qHa.fl rualoo6no4HeHHa.fl ue$rr o6la4aer
nzsrorZ roppo3trBHocrbro : B Ar4arra3 oHe t : 2 5 - 1 50 " C
cKopocrb Koppo3rzr,r yrnepoAr4crorZ craltr s HerZ
<0,02 ir,rrra/ro4. Cle4onarelbHo, Ha 6esno4uorvr srane
paspa6orxz Talarancxoro Mecropox(AeHr4s t4 cyue -
crByrorleM MeroAe rroAroroBKr4 ue$ru ua npeMeHHbrx
nyHKTax, rAe npozcxoAr{T ToJrbKo c6op, 4nyxcryneH-
qaras-.{era3arrrlq ne$ru r4 orAeneH}re BoAbr, rrpr4-
MeHeHr,re LIK lr's rpy6onpono.qoB kr o6opy4onauua
uerlelecoo6pa3Ho;

. noroKr4 cbrpofi ue$rz na Bcex.qo)c4MHbrx Hacoc-
Hhrx cTaHrIr4SX MaloarpecclrBHbr, cKopocTb Koppo3r,rlr
s Hux ( 0,002 uu/ro4;

. c yBeJrr4qenuerr,r o6no4HeHHOCTpr He@ru, a TarcKe
rrpr,r BBeAeHr4r,r rpoMblBHoft no4sr npra o6eccotturia:evu
Ha ycraHoBKe rrepBuqHorl no4roromrz He$rr,r n rolra-
qecrBe or 1,04o l0% (o6.)t4 pacrBopa.4eeMynbraropa
c yBelr4rreHr4eM cKopocTr{ noToKa arpeccr,rBHocTb
ne@ur Bo3pacraer Ao 1,4 nru/rog;

. B rroroKe cuporl He@rz cKopocrb Koppo3lrr,r
BecbMa BbrcoKa - 1,0-1,3 uu/ro4, vro o6ycnoueno
ee rroBbrrrreHuoft o6no4HeHHocrbro r{ f tutu:;'tauvlnenr-
HbrM colep)KaHr4eM Kr4CJrOTHbrX COe4UneHr,rrl;

o Hau6olrurefi ropposrzr4 nolBeprnncr o6pasqrr
yrnepo,qr4croir clatnt rro Jrr4Hr,r.trM Bo.trbr r4 cor.f,Hbrx
croKoB rr rro rpaKry c6poca BoAbr - Io 8,7 uu/ro4,
no rpaKry noAroBapHoft no4lr - go 4,3 nru/ro4;

. 3Haqr4TeJrbnoft arpeccr4BHocrbro o6.na4aer rua-
croBa.fl BoAa - I,46wnt/ro4

. BbrcoKr4Mrr cKopocrqMr.,r xopposna 0,6 -3,7 utrfrog,
xapaKrepr,r3yrorcs noroKr,r [o rpy6onponolaM coneBbx
pacrBopoB.

.{na nporuB oKoppo3r,roHHorZ s arqurrr o6opy4o -
BAHVTA rIeHTpa noAroToBKl4 Cbrpbfl peKoMeHAoBaHO
vurv6vponaHrle rroroKa cupofi He@rlr (n vacruocrra,
mK 97 0 I). kIg;nsrcauvx roKa3iuru ero nucoryro e@-
@exr:ranuocrs (Z - 90% npvAo3r4poBKax 20-30 r/rvr3
ue@ru).

Bsrcoxoft arpeccr4BHocrrro o6.na4aer np oMbrBHa.fl
no4a, oco6eHHo Ha BbrxoAe r.rg reuoo6MeHHr4Ka
noAorpeBa - cKopocrb Koppo3r,rr4 cra6znrHo lpe-
Bbrrrraer I una/ro4 c [epl4oAr,rqecKr,rM yBerr.rqeHrzeM
Bbrrrre 1,5 vrrvr/ro4. Kporvre roro, oHa r4Meer cKJroH-
Hocrb r o6pasonauzrc xap6oHarHbrx ouoxenuft,
qTo )DryArr aeT 9 KcrrJryaTaur4 o HHbr e xap aKT epvcT r4Kr4
remoo6ueuHlrKa noAorpeBa.

lla npe4orBpaqeHlr.fl o6pasonanu.fl orroxeuztr
r.I [porr,rBoKoppo3t4oHHoft saqurH rennoo6naenuoro
o6opy4onan yrs., a. r aK)Ke rpy6olpoBoAoB o6s.ssxu
peKoMeHAoBaHo nplrMeHeHr4e uuru6upyroqerl xoru-
no3rrrlr4r,r, c o croarqe ft vs VIC (u a6vnvsarc pa) u I1^K,
rI p acc M orp e Hr,re B onp o ca o6 us N{eH eHvrv vrar ep uanb -
Horo vcrroJnreHux rpy6onpoBoAoB - 3aMeHbr Ha criurb
10x17H13M27

O$(f ercnnuocrr ZK s 6oluuoft crerreHr4 3aBr{cr,rr
or pa6orocnoco6uocrra crrcreMbr KoHTpo;r_fl , sa)<rroft
qacrbro roropoft ABlrflercs, npaBr4nbHbrft nrr6op ron-
crpyKllr,rlr, Mecra ycraHoBKr,( u xnalu$uqupoBaHHoe
o6cryxunaHr4e Koppo3troHHbrx goHAoB, Iloerorvry
Ha Bcex KoHTponr4pyeMbx noro<ax 6rulra ycraHoBJreHbr
IlrrarHbre 3oHAbr e4znorf KoHcrpyKrlr.ru c o6ycrpoft-
crBoM nnouaAoK Mfl yrx o6clyxunanua v paspa6o-
TaHa r4HCTpyKrILrfl rro [paBr4JraM ux gKcruryaTa\w.
flocxonlry B cocraB coneft nxo4ar nper4MyruecrBeHHo
CaCl2 u MgCl2, Koppo3r,rfl uaz6onee BepoflrHa rrprr
t > I20-I50 'C, r.e. B ycnoBu.trx pa6oru yoraHoBoK
nepnravHoft nepepa6orxz ne@ru ua HfI3.

OpraHusaq[fl cil creMbr 3arrlr,rrbr or Koppo3rrr4
o6opy4onanr4s ycraHoBKrl nepBr.rrrHolZ nepepa6orxr.r
ue@ru rr nonyqeHr,rt 6uryla ocHoBaHa Ha rrpr4Me-
HeHI,It( XITMI4KO -TeXHOJTOTUqeCKI4X MeTOAOB, TaKrrX
xar o6ecconvrBaHvre u o6eseo)caBaHlre cupoft ne@rr,t
c nplr MeHeHr{eM .qegMynbraTopoB, 3arlelarrl4BaHr4e
o6eccoaenHoli ue@ru r4 rro.qaqa uHru6upyrcqert
KoMrro3r,rrlr4ra (auznHrr fi yefirp eu,us arop * rureHKo -
o6pasyorqzfi VIK) B rrureMoByro JrrrHr4ro arMoc@epnoft
KOJIOHHbI.

Onrrrno-npoMbrrrrJreHHbrMrr r4crrbrr a'avflMr4 ycra-
HOBJTeHO BrrvtflHtle napaMeTpoB pe)Kr4Ma Ha KaqecT-
B e HHbIe xapaKTepr4 crraxra o 6e c c olrr4n,anrzrfl n o 6 esso -
xunaHrax,.iie@rn:

o sSfi'errranHocrb o6eccorrasaHvfl Weruqr{Baer-
c s. rrpvr uure Hcu @ra Ka\Lrkr n ep eMe rx r,rB au nx ne @ru
c [poMbrBHorf nolorT;

o eS$ercrunuocrr o6egno){o{BaH[.fl yB eJrwrvrBaercr.
lpII noBbIIrreHI,II,I HalpflKeHI,IrI 9JIeKTpOCTaTI4qeCKOTO

HallprxeHr.rs B 9neKrpoAervApaTopax.
B pesylrrare Aocrr4rHyrbr [poeKTHbre rroKa3areJrrr

pa6oru 6loxa eJIOy no peKoMeHAoBaHHbrM rexHo-
JIoI[qecKI/tM pe)04MaM - CoIep)KaHI,Ie XJIOpI4cTbIX
coleft cnroreno lo 2-3 rr,r r / 1ivr3,no4tr - 4o 0,l -0)%.
Orpa6oraHu r,r ycraHoBneHbr HopMbr pacxoAa peareH-
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roB, o6ecrer{vBaroilIme eS@errznnyro saqzry o6opy-
AoBaHI4fl arMoc$epuoro 6loxa (n r/r): qenorrb - 10-
13 ; unrur6vrop .{o4rareH 48 I - 5 -6 ; ueftrp anr4sarop

{o4raxop 1 8 3 O/Iepryrec 545 0 5 - 22-24 / 38 - 40. flta
yMeHbrrreHr4s coreorro)Kenuft ucnolr zyercx nurvr6u-
rop JI-3002 E (npoayxr Ha ocHoBe HT(D-xracnoru)
B KoJrp{qecrBe 12,5 r/r soAH.

B pesylrrare aHaJfilr:,a "rexHoJrorvqecKoro pe)KrlMa

o6paryeuo nHr4MaHr4e Ha oKcrrnyararluro aruoc$eptro{ ,
KoJroHHbr, TeMrreparypa Bepxa xoropofi no.{.{epxr41 '
BaJracb B Ar,rarra3oHe 103-115 "C. B erux ycnoBr4.f,x
Korl4eHcaqua napon u o6pa3oBaHr4e arpeccr,rBHbrx pac-
rnopon HCI npoucxoAr4r Ha BHyrpeHHerZ nonepxHocrn
IxJreMa KoJroHHbr r,r BepxHr4x rapenKax. fllx sarqnrtr
BHyrpeHHlrx ycrporZcrn KoJroHHbr qacrb rroAaBaeMoro
pacrBopa nerZrp alra:aropa HanpaB rfler c r, B Jl{Hr{ro
6enguHosoro opolxeHl4g, qro rIo3BoJUIer cHt43I4Tb cKo-
pocrb Koppo3r4r{ B rrrJreMe KoJroHHbr B 2-4pasa; rrocJre
lepexoAa Ha AByxrro3rlqrloHHyro noAaqy ueircpasm.-
3aropa cpeAHee coAepxaHr4e x:ropv.qoB n,4peuaxHorl
Bo.qe cHr43r,rnocs sa 25%.

.{na cuuxeHus ypoBHq ocraroqHbrx xJroprlAoB
s o6eccoreuuorZ ue$ru ao 3-5 rr,rr/.urr,l3 3arlenaqu-
BaHr4e crrporl ueQu,r npoBoAr,rrcfl nepeA eneKrpo-
Aerr{ApaTopoM c rrocro.rrHHbrM pacxoAoM ilIenoqr4
2,0-2,5 r/r. llpu groM Bo u:6exanue uenor{Horo
pacrpecKr{BaHu.fl rerrJroo6lrennoro o6opy4onauux
o6unrZ pacxoA ilIenoqu Ha o6eccolvBaHue He@ru
rroAAepxr4Baercr Ha ypoBHe He 6olee 1 0- 1 3 r / r. llx
npeAorBparqeurax o6pasoBanrrs. ouoxenraft Ha Haco-
cax noAatrv BoAbr BBoAr4rcsLlC.

B pesylmare ilocro.sHHoro MoHt4ropr,rHla Koppo-
3I,III Kopq/coB KOJI9HH, reruoo6rr,reHu[ros u eN{XOCreft
ycraHoBKr4 nepnuunoft uepepa6orxu ue@rz r4 rro-
n) reHrrfl 6r.rryuon us ue@ru Thlaxancroro HfKM
ycraHoBneHo, qro $axruvecxr,re cKopocrr{ Koppo3rrpr
ua 6omuruncrBe r,r3MepeHHbD( 3oH arrnaparoB He npe-
Bbrrrraror HopM, ycraHoBJreHnrx PTM 26-02-39-84
<,MeroArr 3arrlr,rrbl or xoppoeura ra nrr6op Marepua-
noB AJLrr ocHoBHbrx sJreMeHToB r,r y3noB arrlapaToB
ycraHoBoK rroAroroBKrr z [epBrlrrHoft nepepa6orxu
ueSru (OnOy, ABI AI eJIOy-ABT),r - He 6oree
0,1 vrvr/ro4.

3arurroseHr.re

Conpelreuurrft sran pasBvrrvrfl. HeQrxuori npo-
MbrrrrJreHHocTr4 xapaKTepr43yeTc.rr 3Haqr4TeJrbHbrMr{
ocJro)KHeHr{fl Mr4 ycnoBr4rl 4o6ruu r4 gKcrrnyararlr4r4

6oruurnHcrna ueQrelpoMbrcJroB. B nacroxrqee BpeMq
oKoJro 80% ncefi ue(frn n P@ 4o6nBaercs c nprzMeHe-
Hr4eM TexHoJrorr4r4 xonoAHoro 3aBoAHen[.fl. B o6sope
paccMoTpeHrr rtrFxanrrsN{ o6paaonaHu.rr coJreoTJroxe-
uuit s o6opy4onauvvt 4o6st'tvt ne@rra, Borrpocbr npo-

IHO3I4pOBaHVq., }|404errr4poBa]Jl1rfl. rr [peAoTBpax\eHvs.
ouoxenuft r,r Koppo3r{oHHoe cocroauvre o6opy4o-
BaHrz'fl. Ao6u.{[ u nepepa6orxr.r ue$ru c BbrcoKrrM
coAepxaHr4eu corefi.

flpu paspa6orre He$rxHtrx uecropox4enufi
c npI4MeHeHr4eM 3aBOAHeHLrfl, npOUCXOA.flT rr4Apo-
xuMl4qecKl4e u3MeHeHr{q, cKa3bIBaIo x\t4ecg. na $op -
Mr{poBaHr{r{ rrJracroBbrx soA, Ao 6HsaeMbrx norryrHo
c ueSrsrc. C sara.{roft BoAbr B He$raHovr rrJracre
o6pasyerca croxHaq MHoroKoMrroHeHTHa.fl cr4creMa:
3aKaqr4BaeMas BoAa-nnacroBaq BoAa-ue@rb c pac-
TBopeHHbrM ra3oM-nopoAbr nnacra. CoAepxaHze
nltacrosofi Bo.qbr B cKBDKt'rHHoft npo.qyxqurl pacrer
r4 Mo)Ker locltars 95Vo.

B uracrosrtx BoAax BcerAa pacrBopeHo HeKoropoe
KoJII4qecrBo coleft paslutrHoro xl4Ml4qecKoro cocraBa.
Eomue Bcero B BoAe coAep)Kr,rrc.fl xropr,rcrux coleft
(to 80-90% or o6uero coAepxaHr4.fl). Konuvecrno
coreft, HaxoA.rrilIt4xcx n He@ru B Kpr.rcriurnr4qecKoM
BVAe, Aocrr4raer 77%. KpucralluqecKr,re coJrr,r Ha-
xoA.flTcfl B TOHKOAI4CnepCHOM COCTO.flHr4r{, qTO Cy-
nlecrBeHHo ycnoxHser npouecc rroAroroBKr.{ HeQru
KaK Ha npoMrrcnax, TaK r,r ue@renepepa6arrrsanu[x
IIpeAnpr,rsTr4.flx.

Ha upuuepe Th-raxancroro H|KM rroKa3aHo, qro
nplr paspa6orKe aHrr,rKoppo3r{oHHrrx ueponpurrnft
rlo 3 alrlure o 6opy4on aHr,r.f, He o 6xoAr4Mo yqr4TbrBarb

oco6ennocru Ao6uqu ne@rn npr4 npr,rMeHeHtrpl KoH-
rypHoro 3aBoAHeHr,rfl r,r nepepa6orxe Ao6rrsaeMorz
ue@ru Ha ycraHoBKe rrepBr,rqHoft nepepa6orKr{ rr ro-
nyileHr4.fl 6uryrvron.

Paspa6oraua u BHeApeH a cvcreMa xlrMr{Ko-rexHo-
rorz.{ecxoft 3arl}rrbr o6opy4onauvs. Ao6u'au v ycra-
HoBKr,I nepepa6orxra ue$ru u non] reHr,ra 6r.rrylroo.
Ona nrurro.ra er o 6e c c o rvrBaHvre 14 o 6 ess oxu BaHvre
cupotl ue$ru c npr{MeHeHr.reM,uegMynbraropoB, 3a-
ruerarrl4BaHrae o6eccoleHuoft ue@ru (uepe4 slerrpo-
Aerulparoporu), no4avy uuru6upyrorqefi xorrrnosuqlrr.r
B rrrneMoByro JrlrHr,rrc arnroc@epuofi roloHHrr (anrr,rH-

HruT Heftrparlr3arop, B ToM qvcJre c AorroJrHraTemnoft
noAa.refi B JrprHr4ro 6ensuHosoro opoilreHvfl * ruren-
roo6pasyrouurZ I4K) r{ AononHurenbHyro lo.qarry
B BoAy VIC. tfllx nporlrBoKoppo3r,roHHoft sarqnrrr
o6opy4onaniar ueHrpa rroAroroBKx cbrpb.rr BHeApeHo
nurn6raponaune norora cuporl ne@rra. flpe4loxeua
MeroAonorrax nrr6opa orrrr{MaJrbHbrx napaMerpoB
pe)u4Ma o6eccolragaurm He$ru c BbrcoKr{M coAep-
)<aHrreM colerl.
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Komnner(cHoe rficclegoBaHrfle npoqeccoB
cotreorrrorKenlrfi r[ Koppo3]ril B npoqecce Eo6rr.rr neSru
Ha Mecropo>KEeHlril ManrrcraycKofi o6nacrrr Pecrry6nuxu
KagilccraH
H.A. llcaera, E.G, Jlon.rnnraxoBa, KaHE. TexH. HayK

OOO "Hay*no-rexnu,recKnr| rle*rp ucctre4oBanufi u paspa6orox 
"HEiDTb "

141421, P@, r. XttMr<n, |-fi)Kenesuogopo>xnurt rqrrK, 2, nou. 7
e-mail : is aeva @ ntc neft. nt

Crarrs flocrynvla B peAaKrlr4ro 10.05.2017

Ha ocxone p$yJrbraroB Quslro-xnuuvecKoro anaJrilga n.uacronoft
BoAH, a raxxe orJroxeutft c nnyrpenuefi nonepxnocrl.t craJrbHbrx
rpy6, oro6pauubrx c oAHoro ltg Mecropox(qeunf Maxrucraycxoft
o6.racrr.r, 6lurlr nponegenbr r{crrblraHur tlo onpeAeJreHnrc esQexrnn-
noro nsrlr6nropa 4.na 6opr6tr c roppouefi lr coJreorJroxenr{rMn.

Kam4eeate c/ro6a: Koppo3ufl, coreomro?tceuue, acopocmb Kopposuu,
unzudumop rcoppotuu, uaeudumop Kot tmerccuozo defrcmoua,

npoqecce Ao6lr.rn He@ru oqeHb qacro [por4c-
xoAr4T oTJroxeHr{e TBepAbrx ocaAKoB Heopm-
Hr.Iq e cKI,IX co eaLIHe HI4ft . uarauuBalo ur.Ixcs

Ha creHKax cKBaxrlH I,I rIoAbeMHbIx rpy6, B HacocHoM
o6opy4onaur4pr14HageMHbrxKoMMyHnKa\t4flxclrcre-
rurr c6opa tr noAroroBxu ue@ru t1-6]. Paapa6orxa
cB oe BpeMeHHbrx r,r rlele coo6pagHbrx Mepo npvwrvrit
rro perxeHr,rrc npo6neutr coleo6pasoBaHr4rr Bo3MoxHa
yr(eHacT4qvvvrcy.rerrvrcocTaBaMzHepa.nu:onauuorz
nrtacrosoft no4u [1].

Erue olnori sa)<uoft npo6.neuor? B rrpoqecce Ao-
6uvra HeQru flBrs,erc , Koppo3r,rs MerurrrJra. Koppo-
3I,rOHHOe pa3pyrrreHr,re 3aMeTHo coKparqaeT cpoK cnyx-
6u ne@reupoMbrcnoBoro o 6opy4o Ba:ar4r, npr4BoAr4r
K qacrbrM aBapufturnrl pa3Jrr4BaM ue@rz u or4ersenaorl
oT Hee Bo,4br, qTo B KoHerrHOM CqeTe IpI4BOAI4T K 3a-
rp-fl 3HeHr,rro oKpyxaroillerZ cpe4nr.

Carvrrre pac[pocrpaHeHHbre MeroAbr n He$rxnorl
npoMbrrxneHHocrr{ rro 3arrlr{Te or orJroxeHwit cor'eit
I4 Koppo3rrrr MeraJrJra - [peA]mpeAr4reJrbHbre. K nr.ru
OTHOCI/ITC;I npI4MeHeHV e XI,IMI4qO CKI{X pe areHTOB,
B qacrHocrr{ ranrlr6raropos. VIr'ru6vropbr coneorno-
xe Hr,rs tt vurv6vt opbr Kopp o3l4r{ Moryr [pr4M eHsrbcs
KaK orAeJrbHo, raK 14 BMecre. Oco6uft r4HTepec [peA-
craBJrflror unrtt 64roplr KoMrrlreKcHoro 4eft crnu-a.

t-
UOJIEOTJIOXEHI'IC -'IBI-flETC,fl O,UHI4M I43 CAMbIX MO-

6IarrHrrx nra4oB ocJro)G{euurZ npra 4o6u.re He$ru [2] .

B pesylrrare r43MeHeHr,rfl TeMneparypbr vr p;aBIreH:r'fl,

A TAIOKE CMEITEHI4S XI4M}IqECKI,T HECOBMECTIIMbIX BO]I

npl4 ABrD(eHura no4oHe$TqHoro rroroKa rlpoucxoAr4T
BbrrraAeHr4e HeopraHr4qecKux ocTaTKoB.

Brruoc MexaHr4qecKr4x npuvreceft B cKBa)fl4Hy Bbr-
3blBaer r{3Hoc KoMrroHeHToB gKcnJryaraquonnorZ xo -
JIoHHrI u rpe6yer tracrbrx r,r Aoporocrosrqux peMoHT-
Hux pa6or. BeporrHocrb ocJroxHeHulZ, cu3auHux
c BJII4fl HI{eM MexaHI4qecKI,Ix lpraltecerl, 3Haq}ITeJrbHo
3arpyArurer Brr6op rexuolorruecKr{x pe;rcauon pa6oru
cKBzDKI{H, o6ecnequearoq}rx paqrroHaJrbHyro gKcruya-
Taul{rc HeAp r4 yAoBJrerBopr4TenbHbre TexHr.rKo-3KoHo-
Mr4qecKr,re [oKa3areJrpr. Kpoue roro, HerrpasunrHrrrl
nrr6op uero4a 6opr6u c nbrHocoM MexaHurrecKvxnprr-
N,TECETZ 3HAqVTEJIbHO CHIIXAET NPOI43BOAKITEJIbHOCTb

cKBDIo4Hbr r4 gKoHoMrrqecKyro e$$exrunHocrb ee
gKcrrnyararlrau. OcnosnbrMr{ cocraBJrsrotquMr4 Mexa-
Hl{qecKlrx npraueceft , coAep)Grrltz xcx n 4o6rreaeMbrx
v nepeKarrr4BaeMrx no [poMbrcJroBbrM rpy6onpono4arvr
)KlrAKocrflx, flr:rflro"tcs. nopo4oo6pa3yrolrr4e KoMrro-
HeHrbr, npoAyKrbr Koppo3r,ru MeriurJra o6opy.qosa-
Hvlfl. u rpy6onpono4oB, a raroKe rBepAbre BerrlecrBa,
o6pa:yrorque cs B pe3ynbrare xr{Mr4qecKr4x pe aruuft
nsararvro4erZcTg[s [epeKaqr4BaeMbrx xr,r4xocreli [7] .

3naq uounrrft cocras norryruo4o6unaeuofi no4u,
MoxHo np ornoSup oB arb Bepo.rrrHocrb BbrlaAeHr,rs
HeopraHr4qecxux colefi r,r3 pacrBopon. B excnepu-
MeHriurbHbrx rrccJreAoBaHvrlx B XAJI OO O < HTIII4P
" HE(DTb " r> I4CIIOJIb3oBulJIt I cb MeToAbI Tt tTpI4MeTp[II,

@ororraerpuu, rpaBrlMerpr{rr, MepKypvrMerpvrvt, crreK-
rpo @ oroue rpvvt, ry p6uauvrerptrvl

(D[sr4xo -xuMrarrecKrze [oKa3areJrr{ llacronorl uu-
Hepanr43oBaHnorl noAu np oaHiurrr3r,{poBaHbr no pH,
IIIIOTHOCTI4, COneBOMy COCTaBy, KOIr4r{eCTBy B3BerXeH-
HbIx qacTl4u, xecTKocTI{, HUUIUqLIIO CepOBOAOpOAHOIO
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Ne
n/n

Onpe4elxeurrrl
IIOKA3ATEJIb

Pesylmar , 1

onpeAeneHlrtr,rl'{r/!.l.{"

1

az
aJ

4

5

6

7

8

9

10

11

12

13

t4

flnorHocrt, r/cu3
pH, eg. pH
cyrr,rrr,ra KaJrrrfl v ]HaTpvrfl.

KanrqurZ

Marnurl
Xropu4-raou

Cyrr$ar-uon
Ih4porap6onarrr
Kap6onaru
Xecxocrt, rr,ruolr/4rr,r3

Xereso o6ulee

Bgneruennrre BerrlecrBa

Cepono4opo4

Vrnexracnrrr? ras

7,043

6,60

21467

2600

1070 
|

32000 r

rr4eHee 10,0

460

vrenee 6,0

219

t07

388

oTcyTcTByeT

oTc]"TcTByeT

1. llonnuft cocraB nracrosoft noalr

2. Pacqer uHIeKca HacbrueH[fl rr [ruIeKca cra6ulrnocrn

llpo6a I pfIPcuco, pHS JScuco, JSt
fhacro-
Bas BoAa

r,l4 8,48 | 5,15

r-g(1ca2*;.(6rco,;))

-3,3105

1,45

pK

6,64

3,7n

JS

3,33

r4 yrJreKr,rcJroro ra3oB. Pesylrrarrr npeAcraBneHbr
s ra6r. 1.

flp orH oszp oBaHr4e Bo3Mo)KHocrr.r orroxe Hprs
rap6onara Kiurbrlutr Ha BHyrpeHneft nonepxHocrr{
ueSrenpoubrcJroBoro o6opy4onaHvs ocHoBaHo
Ha cpaBHeHura @arruvecKoro 3HaqeHr4.fl pH no4rr
c pacrrerHbrM pHs npv nacbrrqeHr,rr4 BoAu rap6onarou
Karlbuus. 3a rpurepur4 coJreorJro)KeHr,{s npuHr,rMaror
o6rr.rHo 3HaqeHra.fl r,rH.qeKca HacbrrrleHr4.rr (JS) z zn-
AeKca cra6zlrHocru (JSt) (ra6n.2) I8l.

Oqeura no vHAeKcy cra6vtlbHocrr,r: npu
6,4 > JSt ) 3r7 noaa BbrAer.fler ocaAoK - xap6ouar
Kiurbur4r (CaCO3), no vHAeKcy HacbrqeHr,rfl.: npLI
JS > 0 B BoAe Bbrna,{aer xap6ouar Karbrlr,rs (CaCOr).

B coorsercrsr4r4 c npoBeAeHHbrM pacqeroM B rrpo-
aHanu3vp oB aHHbrx cp eAax B o 3 M OXH O BbrrraA eHr,re
xap6onarutrx colerZ (npeNqe Bcero Kiurbrlrara). Oro
IroATBepxlaeTcs floroxr4 TeJrbHbrM 3HaqeHr4eM prH -
AeKca HacbrrrleHrafl JS > 0, paccqr,rraHHoro couracHo
MeTOAUKaM MO4enUpOBaHr,r.a lr3MeHenra.fl coltesolz
HacbrrrleHHocur ,{x.E. Oaao u M.E. Toucona.

3. Pacqer xoeQQuqr.renra cra6rurlnocrr.r

a raK)Ke 3HaqeHlreM r,rH.4eKca cra6ultHocru JSt,
paccrrr4raHHoro corJracHo Mero.qy B.E. KarqaBrleBa
ul4.T. Muqeuxo (6,4 > JSt > 3,7 - BoAa BbrAen.rrer
ocaAoK - xap6ouar xansqlra).

Kax sau6olee npr4eMneMyro r{ y4o6Hyro B npaK-
TI4TIeCKOM IIpI4MeHeHr4r4 MeTO.4I4Ky p acqeTa Bepo.fl T-
Hocrr4 BbrlaAeHr4s cylt@ara Kiurbrlr4.tr (rnnca) uc-
rloJrb3yror MeroAr{Ky X.A. Cru@@a, X.JI. CxulrraoHa,
Ax. II. Max.{ouanr4a.,{aHuuft naeroA 6asupyercr
Ha onpeAeneHr{r{ pa3Hr,rrlbr paBHoBecuoit v. @arrzve-
cxoft roHrleHTparlr4r4 rt{rrca c yqeroM raonuoft cultr
rr reMrreparypbr pacrBopa [71.

Brrra4eurae colerZ u3 pacrBopa Haqr4Haercq, Kor-
4a @axrnvecKa.rr HacbrilIeHHocrb conbro (cuouHoft
K BblrraleHvro B ocaAoK) 6yaer [peBbrrxarb npeAenb-
Hyro HacbrxleHHocrb. Tar, cxlouHocrb rronyrHo
4o6rrnaervroft no4rr x ouoxeHr.rrc rvrrTcaorleHr,rBaeTcfl
no xoe@@urlrreHry cra6luruocrz:

9=Ccusoo /C\^so^,

t4e C6u5so,Cdaso, - Saxurvecxaq 14 paBHoBecHat

(npe4elruaa) rouqeHrp aq vr4 Kurbrfurs. n 4o 6unaeuoft
BO.IIE COOTBETCTBEHHO.

Eclz C"usoo /Ctuso", r.e. q ) 1, ro LrccneryeMafl

BoAa rrepecbruleua cylt@aroM KilJrbrlr4q u r4s6Hrox ero
6y4er nuna4arr n oca4or [7].

3na.{eHze xoe66raIlue uta cta1v.lsHocrtr 6onrlre
eAr4Hrlrlbr cBr,rAereJrbcrBye! rrro @arrzvecroe Hacbr-
IIIeHr4e pacrnopa cylr@aroM KanbrlrrJr 6oluue paBHo-
BecHoIo cocTosHI,IS I4 BO3MOXHO BbIIIaAeHI4e OCa,4Ka,

O4naxo B HarrreM cnyqae noryireHHbrft noragarelr
He npeBbrrrraer 4aHurrrl npeAen (ra6.rr. 3).

Taxuu o6pasou, rlccneAyeMar nJracroBa.r{ BoAa
cornacHo ruraccnSnxaqzn B.A. Cytmua orHoct4rcs
K xJrop-KaJrbrlr4eBoMy rr4ny BoA c pacvernoft Bepo_flT-
Hocrbro BbrnaAeHr,Ifl ocaAKa xap6onara Kuurbrlufl .

Ha cle4yrorqeM gTarre 6svtu uc ute goBaHbr rBep.qbre
orJroxeHr{.fl c BHyrpeHHeft qacru rpy6onpono4uoft
cr,rcTeMbr M e cTop oxA eHyrfl, ) c o rJracHo nnyrp e Huerl
Mero.qr{Ke, r4crronmyeMorZ n la6opar opvn, ocHoBaH-
norZ Ha poe4eftcrrupr Ha orJro)KeHrr.fl cneAyroilIrlMl{

o l1%-soro pacrBopa corsuoft Kr,rcJrorbr;
. cMecr{ l'7o-soro pacTBopa con.f,Hori KrrcJroTbl

n l0% -soro pacrBopoM xJropnra 6apun;
. cMecu l5vo-noro pacTBopa corsHor? Kr{cJroTbl

vt l)%-uoro pacrBopa il,rApara aMMraaKa;

IIp&oa I K X Cd""n C"uroo AC q
flracrosas sora r,l4 0,0018 0,065 4r,99 0,208 -4r,7714 0.005
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. cMecr{ KoHrIeHTpt4poBaHHOrz CepHOft Kr,rcJrO-
Tbr 14 4r4cTyrrr}{poBaHHoft BoAbr ;

o I0%-usttvt pacrBopoM Hr4rpara cepe6pa.

.{annrre [poBeAeHHoro rrccJre.qoBaHr4.rr npr4BeAeHbr
sra6Jr.4.

4. Kaqecrsennufr cocran coJreorJro)KeHr{fl

flpu aHa-uuse AaHHoro orro)KeHr4.fl BbrqBJreHo, qro
ocHoBHbIMI4 KOMIIOHe HTa]|dId flB IrflrOTC.S CO eAI4He -
nux rap6oHaroB r{ oKcr,rAbr xeJre3a, yKa3brBaroulr{e
Ha napanneJrbHo npoTeKarour4e Koppo3r,roHHbre
lpoqeccbr.

)
\

Orpe4enreurrft xolrnonenr Bostvro)<Hr,rft p$ynbrar Pesyrr,rar olpeAeneHr4.f,
(npucyrcrnyer/ orcyrcrnyer)

(Doro

HeSrenpogyrru Oxpacxa @rur,rpara llpucyrcrnyer

BneruHuft sru llopouror Kopr4rrHeBoro rlBera

Hanu.rrae rap6oHaron CO{- PasroxeHl4e c BbuIeJIeHI,IeM
[y3brpbKoB Ar4oKcr4la yrnepo.ua

flpzcyrcrnyer

Harnrrae cynr@r44on S'- BrrAenenne cepoBoAopola Orcyrcrnyer

Harrur.re CaSOa Berufi oca,uoK CaSOa Orcyrcrnyer

HaruqIae oKlrroB xeresa FeO.
Fe,O.

Kpacro-6ypuft ocaAox llpncyrcrnyer

Harrz.rue cynrSaron SOj- :

BaSOa, SrSOa
Beluft ocruoK Orcyrcrny€r

Hatm'tue xJroprlAoB llorrryrHeurae Orcyrcmyer

I

I
t
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O6rerr
I{CTIbTTAHI.lfl

Cropocrr ,
KOppo3I{I4, r/M-'It

Cxopocrr
Koppo3r4r4, MM/rOA

flnacrosa.s soaa 0,4917 0,5508

)
\

5. KopposlloHHas arpecc[BHocrb cpeAbr

B pesylrrare aHurv3a c rrpr4MeHeHr,reM corsHorl,
cepnorZ Kr4cJror r4 rrpoKzuu4BaHufl.B $ap@oponou na-
rJre, ycTaHoBJIeHo, qTO COAepxaHI4e oKcl4.4a KpeMHI,It
cocraBJrser lo 55%, rrro ycvnr4Baer npo6lerray'o3rlo-
>KeIII.Jfl. KaJIbIII4Ta, C BS3bIBaIOqero oKcI4AbI )KeJIe 3 a
r4 oKcr,rAbr KpeMHr,rq Ha BHyrpeHHefi nonepxHocrr4
rpy6onpono.qos [9, 10].

OxcnepurvreHT rro olpeAeneHr,rro Koppo3r,ronHorl
arpeccr{BHocrr4 cpeAbr npoBe.qeH npr4 reMnepaType
20"Cs reqeHr4e 6 v. Pesynlrar r,rcrrhrraHr,rfl rrprlBeAeH
s ra6r. 5.

BrrssreHHas cKopocrb Koppo3r,ru 3HaqlrreJrbHo
npeBbrrrraer 0,1 urra/ro4, qro coorBercrByer noHr4xeH-
noft croftxocrr,r MerzurJra n 4auHoft cpeAe r,r rpe6yer
3arrlr.rrbr HeQrenpoubrcJroBoro o6opy4onauux.

Ha ocuosaHr4r.{ loryqeHHbrxAaHHbrx B xoAe KoM-
rIJIeKcHoro arruil43a cpeAbr I4 orJroxeHr4rl npone4en
cp aBHr4Tenb ustit ar.atus n o e @ S erulB Ho crt4 untu -
6uropon coJreorJroxe uunr (I4CO). Bunra nnr6panrr
I4CO N9 I UI4CO Ne 2, ornrnvarcurrzecs uo4r,rsnxa-
querf axrzsgoft ocnonrr peareHToB, c yreroM neo6-
xoArrMocrr,r KoMrureKcHoro 4erZcrnus (roMnosuuuu

7. Onpe4e;rerue eQQerurBHocrrr l.lnm6nponanr{r Kopposnn

Ha ocHoBe $oc$opopraHurrecKoro KoMrrJreKcoHa
(orcraerrana4eu4u$ocSoHoBas Kr{cJrora - O OA<D),
IIAB u qerBeprvrrHbrx aMMoHr4eBbrx coeAlr ueuuilt
(r{AC)), B Ao3r4poBKe 20, 30 v 40 r/r. Mexanr,rsl,r
KoMrrJreKcHoro 4ericrnra.f, Ha[paBneH ua a4cop6qurc
opraHr,rqecKr4x coeAr,rHenurl rar Ha noBepxHocrr4
MeTILIIJIa, TAK VI Ha 3apOAbIrIIeBbIX IIeHTpaX COJIeBOIO

coeAr4HeHr{fl.
OxcnepuueHr rro onpeAeneHllo e$$exrnnHo-

ctu ulrr v6vp oB aHv fl. c o Jr e orJr oxe urari np o n e4 e u
corJracHo MeroAr.rKe MyK OAO <HK "PocHe$rb",>
ETT Ne II 1 -0 1.05 M-0044 Ha Morenr4 Bolbr: CaCl, -
14,4 r/avf; MgCl2.6H2O - 17,88 \/nuf; NaCi-
80,18 r/4rra'; NaHCO3 - I,27 rf1;'rurt.flpvycrrorvvr
repMocrarr4poBaHr4.tr [pr4 reMrreparype 90'C s re.reuue
4 u, c nocle4yrorlr4M o).rrax4eHr4eM u Qulrrpaqueft
qep e 3 rrn orHrrft @znrrp <<cvrHfl .fl IreFrra,> . .{auurre src -
neprlMeHToB npe.qcraBneHbr B ra6n. 6.

OxcnepuiueHr no onpeAeneHr,rro eSQexrr,rBHocrt4
uurra6upoeaHrd.fl Koppo3trrl npoBoA krlfit npv reMle -
parype 20 "C s reqeHr4e 6 v nrero4oM rpaBr4Merpur4
Ha nnacrlrHax craJrvr Cr3 c npe.qBapr,rrelrnoft Aeae-
paueteft cpe,{br r,rHeprHbrM ra3oM B TerreHr4e 30 rrluu
Ao Haqara vcnrrranprft, a raroKe npr4 cKopocrtr IBr4-
xeHprs )o4AKocrr,r n s.rerkax 0,8 rr,r/c no MeroAr4Ke
MyK OAO <HK "PocHeQrr"'> ETT Ne IIl-01.05
M-0044 Ha MoAenr.r BoAbr: CaCl2 - 14,4 r/uur3;
MgCl2'6H2O - 17,88 r/avf ; NaCl - 80,18 r/trvr3;

)

)
T

6. Onpe4e.rreune eQQexrnBHocrr{ l.lnrn6uponanfi.fl coreorloxennft

Pearenr ,{oauponxa, r/r Pesyrrrar (co4epxague
xalrqrar), v,tf p.ll' O$@exrunnocrs,%

Her,trru6zpoBaHHafl cpeAa Ao

nocJre

2465

2320
trICO Ns 1 20

30

40

2430

2440

2458

76

83

95
I4CO Ne 2 20

30

40

24t5
2435

2452

66

79

9r

Mapra unrra6uropa
KOppo3r4r,r

Konqenrpaqra.a
uutu5tnop4tfr

Cropocrr 
^Koppo3rrr4, r/u'.u

Cropocrr
Koppo3rrr4, MM/ro.q

Crerenr
saxlprrsl, Z,%

Xorocras npo6a 0,4917 0,5508
I4CO Ns I 20

30

40

0,4392

0,2636

0.1s98

0,4919

0,2953

0,1789

10,7

46,4

67,5
I4CO Ns 2

J
20

30

40

0,1322

0,0942

0,0440

0,148 1

0,1055

0,0493

73,r

80,8

9I,I

.dlopposur: Mareplla rbr, garyma'Ne 312018 2l



O T P AC IIEBhIE NP OE IIEMhI KOP P O 3TTTI

NaHCO3 - 1,27 r/Nrr'. Pesyrrrarrr eKcrrepr{MeHroB
npeAcraBJreHrr B ra6r. 7.

Hau6onee sS@errranHbre pesynbraru y IrICO Ne 2
npr4 Ao3r4ponxe 40 r/r, rax r'pvt vruru6r4poBaHr4r4
Koppo3l4ll (9I%), 'taK v npvr rpeAorBpauenuu o6-
pa3oBaHr4q rBepAbrx coJreBbrx ouoxenurf rap6oHara
Kalrbrlr,lfl (91,1%).

Taruu o6pasou, rrccJreAoBaHnfl, pasnr4qHbrx MoAr4-

Qvxauvfr. nnru6uropoB coJreorJro)Ketryfit c Bo3Mox(- i,

Hocrblo KoM nJreKcHoro IefcrBl4fl rIo3BoJIflrcT pelxI4Tb
npo6lerr.ry He roJrbKo orrrox(eHr{fl co.neft, Ho r{ Koppo-
sr.ru o6opy4 ouaHr4s. noA grr,rMr.{ orJro)KeHr4.rrMrr.
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BH14MAHVlE!

B cBfl3r4 c yqacrnBt-t.lnutAcn cnyqaflMn pacnpocrpaHeHilF KoHTpaOaKTHoil
npoAyKqr4il r HeBbrnoflHeHilF AoroBopHbrx o6fl3arenbcrB co cropoHbr HeKoropbrx
noAnilcHbrx areHTcrB y6e.qrrenbHaq npocb6a oQoprvnnrs noAnrcKy roflbKo
B peKoMeHAyeMbrx areHTCrBax (cnrcor areHTCTB npHBeA,eH Hhxe). Tarxe
HanoMilHaeM, qTo Bce xypHarbt, BbtnycKaeMbte ooo (HayKa il TexHofloftAtA>>,

cHa6xeHbr ronorpaMMofi Ha nepBoil cropoHKe o6noxKil. flpu orcyrcrBl414
ronorpaMMbr npocb6a He3aMeAnhrenbHo coo6qarb 06 eroM B l43AarerbcrBo
no ren. (495)223-09-10 vnv e-mail: market@nait.ru.

PerovrenflyeMbre no4n ncHbre areHTcrBa :

OOO uyPAI-nPECC,, OOO *AI-EHTCTBO uKHl/l-A-CEPBl/C,, OOO *l/HOOPM-
HAVKA,.
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yIK 620.197

Bnusrure rotlullrnbr lleO-noKpbrrrfi na Mar rreBoM crrrraBe
MA8 Ha lrx 3arrlrrrHbre csoricrsa
C.B. OnefiHnKt, KaHE, xtIM. HayK, B.C.Pygner2't, E-p xrlM. HayK, IO.A. Kyeenxoat, KaHg. xr4M,

HayK, T.II. flpoa a.#, fi.e,Tpy6eqxa-nt, il. M. h"ooropoB2, KaHg. xrrM. HayK

'@fEW ollncruryr @nsuuecxort xnuun u onerepoxrrMr4rtr nm. A.H. @pytwxuna PAII, (U@XO 7AII)
119071, P@, Moctea, Jlennxcxurt np-r, 31, xopn. 4
2 @flEWI olfincrurw xutwuu,\ansneaocrotrnoro or*eneHnfr pAII,
690022, P@, r. Bna4uaocrox, 100-nern* Bnagusocror<y Ep-r, l5g
3 fiantnesocrosnurt Qegepansnurt wrrBepcwrer
690022, P@, r. Bnagunocrox, yn. Cy<axosa,8
e-mail : oleynik @ ip c. rs si. ra

Crarrs flocryrrr4na B peAaKrlr4ro 19.07.2017

Texnonornu rura3Menno-gileKTpoJrrmluecKoro oKcr{ArlpoBauu{
(II9O) nosBoJrflor t[opruuporaru noKpbrrur Ha MarnueBbrx crrJra-

nax, o6.lagaloqne xopourefi a,qre3ueft K no,4rroKe. Ilosrouy II9O-
noKpbrrur Moxuo paccMarpuBarb KaK eQQerrunnuft noAc.rofr noA

rroJr[Mepnoe [oxpbrrrre. Oro raxxe rrosBoJrrer pe[rnrb npo6.neuy

c srrcorofi [oprrcrocrbrc rroJryyaeMbrx fl9O-noxpurufr. B lan-
noft pa6ore u3freua Bo3Moxnocrb noBbrrreHfir 3aulnrHbrx csoficrs
fl9O-noxpurllfi pao.nnuuofi roJr4r.rnbr Ha cnnane MA8 nyreru nx o6-
pa6orru BoAopacrBopuMbrMil noJrilMepaun. floxa3auo, rrro Am no-
rprrrufi ro;rulruoft 6oree 50 MKM Hailryquilfi peryrmar rroKa3uBa-

er o6pa6orxa n norlryperaHoBoM BoAopacrBopuMoM rroJruMepe.

K.atovesote crtoBa: rta?Hueabrc cilrtaBbL lloo-notepumunr rrummut-
?oaafl Koppo3us, uneudumopu taoppo3uu, oodopacmeopwabte norru-

Mepbt.

oBpeMeHHbIe MarHI,IeBbIe crrJlaBbr HaxoAsT
ur,rpoKoe rrplrMeHeHl4e B pa3nI4qHbIX OTpaCnsX

riporunu.neHHocrr.r [ 1 ]. CnoficrBeHHylo I,IM

Hr43Kyro Koppo3I4oHHyIo crorlxocrr [2] o6rrvuo nblra-
rorc-fl KoMleHcr,rpoBarb o6pa6orroft ux rloBepxHocrl{
pa3HbrMr4 MeroAaMr{ ra $opurapoBaHlreM norprrrufi
pasrraunoft rprpoAbl 13- 51.

ArrrasHo pa3Br{Baronrvecr B rrocneAHee BpeMs

TexHoJrorllu rrJIa3MeHHo-9neKTponuTr{qecKoro oK-
ct4r4poBaHrtx ([IOO) [6] nosnomrcr $opuuponarr
loKpbITI,Is Ha MarHlreBblx cIrJIaBax, o6la.qaroruue
xoporueft a4resueft K [oAnoxKe [7]. Buecre c reM
cKBO3HaS rroprrcrocrb I4 TpeIqI,IHbI, KOTOpbIMI4 Xa-
paKreplr3yroTc.rr TaKoro po.4a no4pbrTll.fl , 3HaqI,ITeJrbHO

cHrDKaror nx qrofirocrb B arpecc[BHblx cpeAax.
a'

B t8-101 lirs cHlaxeHr{s ropplcrocru u o6ueftAe-
$ercuocrn noxprrrurl eleKTponI4TbI oKcr{AtIpoBaHI{l

lto4uQnqupoBztlrl pa3rr4qHbrMr4 rrprlcaAKaMra. Taxoft
loAXoA, xoTn u yMeHb[raeT pa3Mepbr rlop I4 TpeIql4H

B aHOAHbTX rrJreHKaX, HO He I,I3MeHSeT rIpI4pOAy Ae-

@erron rroKpblrr.rfl. Buecre c rerrl fIOO-[oKpbIrI4fl
Mo)KHo paccMarpuBarb KaK e(f (fexrunHrrft noAclofi
rIoA rlonl4MepHoe noKpbrTl4e, cocraB I,I TonIuLIHy KO-

TOpOTO MO)KHO BapblrpoBaTb B rlrl4poKt4x rlpeAenax.

P.flA lorr,rr\aepHbrx clrcreM Ha ocHoBe aKpvlIrarou,
nonr4flr4pp oJroB, rroJrrzaHiurr4HoB I,IJr]I rIoJII4g @upon

[1 1-18I rrcrroJrb3oBanv rIrfl aHrr{KoppoguonnotZ
3arrlrlTbr aJrroMrlHr{eBbrx c[IIaBoB u cruteit. OAuaro
rrpllMeHeHr4e TaKI,IX nonllMepoB IIpu 3auII4Te MarHlI-
EBbIX CIIJIABOB HE BCCTIA BO3MOXHO 143-34 UX HEBbI-

coxoft cra6ulrrrocrll B IlrenoqHblx cpeAax ra cla6oft
a.Jle3vvK oKclIAy MarHIrs. B csssIa c grI4M s AaHHofi
pa6ore [3yqeHa Bo3MoxHocrb rIoBbIIIreHIlr 3aruI,IT-

nrx cs oft crn fI O O - norp struft p autt'rHoft rornlllHlr
Ha crrJraBe MA8 nyrerr.r ux o6pa6orKu BoAopacrBoppl-

MbrMr{ [oJrr4MepaMr4.

,'' Mero4nKa eKclep[MeHTa

florprrrraa nonyqanl4 Ha rlJrocKtlx o6pasqax
(20x50x1 lrvr) uanrueBoro crIIaBa MA8. flepe4 oKcr{-

AlrpoBaHI,IeM o6pasqrr o6pa6arrrnalr{ MexaHl{qecKr4'
qro6rr cHrrrb 3ayceHI,IIIbI Ha ropllax, uuraSonarur no-
BepxHocrb c IIenbIo y4urenvrfl sasoAcroll galql'IrHolz

cMa3KI,I, npoMbIBaJI[, cyr]vrvr [pr{ KoMHarnofi revl-
rreparype u Henocpe,4crBeHHo nepeA oKcI4AI4pOBaHI'IeM

o6esxupuniull,I grI4JIoBbIM cnl'IproM.

,{rx npuroroBreHl{s sneKTpon[ToB r'IcrroJrb-
3OBaJIII KOMMepqeCKI,Ie peaKTI{BbI MapKI4 <(X. q' )> :
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Na2SiO3 ' 5H2O, NaOH, NaE I,Is yKa3aHHbrx colerZ
roroBr.rJrrr cprJrr,rKarHbrft elerrpolur: Na2SiO3 . 5H2O
(10,6 r/n) + NaOH (2r/l) * NaF (2r/9. flpu npuro-
ToBJreHr4pr oneKTponr,rra raxgtrfr xoMnoHeHT orAeJrbHo
pacrBop.flnr4 B 4vrcrlrltruponaHnoft BoAe, a 3areM pac-
TB Op br c JrvBarrl4 rrpu nep e Me rfvBaEr4r4.

[ra $opuupoBaHr4q noxplrruft r4crroJrb3oBiurr{
yrrpaBn.fl eMbrft xounrrorepoM MHoro$yHxquoHaar-
Hbrft lrcro.rur4K ToKa, cosAauulrft na 6ase cepzrluoro!
peBepcr{BHoro rr,rppr4cropHoro arperara <TEP-
4 / 460H -2-2YXJI4> (Poccur).

@opuuponaHraerroKpbrrvirrtactsraneMaruusMA8
B Cr{JrI,IKarHOM gneKTpOII4Te npOBOAI4Jrr4 B riUrbBaHO-
crarr4qecKoM pe){orMe rrpu nocrosHHoft e@$errunuorl
nJlorHocrr4 rora 0,1 A/cvt2 B reqeHr,re 10-30 nrltr.
floc-ne oKcr4Ar4p oB auut, o6pa3rlbr c noKpbrrrarMr{
rrpoMblBanr,r nporovnofi n o4oft , orroJracKr{Buur v g.r4-

crvJrnvpoBauHoft n cyrnvlwr Ha Bo3Ayxe.

Tonrquny c@opMr.{poBaHHbrx noKpbrrraft oqenusa-
nI{ c noMoIIIbIO BI4XpeBoIo Tonull,IHotrlepa <<BT-201r>

(Poccux) . PenrrenorpaMMbr envrMarrv. Ha peHrreHoB -
cxorr,r 4ra$paKroMerpe D8 ADVANCE (GprrlaHrax)
s CuKcx,-ttsn] {eHplu. flpvt aywnrce peHrreHorpaMM
IrctIoJIb3oBaHa rrporpaMMa rror{cKa <,EVA> c 6anxorvr

naHHbIX <PDF-2,>.

Hanomrenue roxprnurl npoBoAr4nu npIa rrorpy-
)KeHprr{ o6pasqon na 1 .r B pacrBopbr c zuru6uropavut
Koppo3prr,r (60-100 "C). O6pa6orKy B BoAopacrBo-
pr4Mbrx [onr{Mepax npoBoAr,rnr{ oKyHaHr4eM o6pasqon
B KoHqeHTpr,rponannuft pacrBop noJrrlMepa c flocJre-

.qyloUeft cyrrxorZ B TeqeHlre cyroK flpu 50 'C. B ra.re-
cTBe BOAOpaCTBOpr4MbrX nOnV MepOB lrcrroJrbsoBiurr4cb

BeilIecrBa cneAyroulux MapoK:
. crr4poJr-aKpulattrft rroJrvMep, ToproBa.fl MapKa

<,Belinka,>;

. aKpurarHo-nonr4yperanosHft rroJrr4Mep, Topro-
Bafl MapKa <Pall-X 94>; .

. nonr4yperaHosrrft noJrr,rMep, ToproBaq MapKa
<Arboritec Classic*>;

. .qByKoMrronenurrft nonr{yperaHonnrft noluuep,
roproBa.fl MapKa <,Aqua- S eal 2K- PolyUrethane,>.

Ano4ulre [onspr,r3arrrdoHHbre Kpr4Bue na o6pasqax
(pa6ouaa noBepxHocm 0,5 cvr2) cHr,rMal]r n 6oparHoru
6y$epnorvr pacrBope (EEP, pH :7 ,36), coAepxarrleM
0,01M NaCl npu t : 20 + 2 "C B craHIaprHoft rpex-
oneKTp o.4Ho ir sqeflrxe. B cnouorareJrbHbrM gneKTpo -
AoM cny)<lrl nuporpaQr{r, a noreHqr,ran pa6ouero
gneKTpo.qa r43Mep.fln[ oTHocr4TeJrbHo HacbrrrleHHoro
xnopr{Acep e 6pxuoro gneKrpo.qa c locneAyroqr,rM
nepecrreroM n'ilxary HopManbHoro BoAopoAHoro
oneKrpoAa. Ilolapusaqr4ro eJreKrpolos (1 vrB / c)
r^arrvrHarrvt c noreHrlr\zua cno6o4Hoft xopposzra E*oo,

ycraHaBnr4Barorlerocq flocre 20-30 Mr,rH gKcrro3r,rqr,rr,r

r4x B r4ccJreAyeMoM pacTBope.

Kopp oslrouHbre r4crrbrr ar^lzs. rro f O CT 9 .9 | 3 -9 0

B KaMepe BJrDKHocrlr l-4 rpono4mu [pr4 cJreAyroilIl4x
ycnoBr,rsx: 8 v o6pasqrr HaxoAr4Jrr,rcb B KaMepe [pr4
I)}%-soit orHocrareJrbnoir sroKHocrkr v t : 40'C,
a locneAyrouue 16 q - npr,r xounarHori reMnepary-
pe, qro npr4BoAzno x o6umuorf KoHAeHcarlr4vtBlrarvr
ua o6pasqax.

OxcnepuueHTaJrbHbre p$yiruTarbr
u ux o6cyrr{AeHrre

Pauee rroKa3aHo, r{To B pe3ynbrare o6pa6orKr4 r4H-

ru6uroparuu, B ToM qprcJre cl{JraHaMr.r, flOO-norprrrua
Ha MarHr4eBoM crrJraBe MA8 npuo6peraror nporr,rBo-
Koppo3r4oHHyro croft rocrr. Bperr,ffi .qo noqBreHv-fl nep-
Bbrx Koppo3r4oHHbrx rropaxeuuti racxoAnux norprnuft
B KaMepe BJraxHocrr{ I-4 ue lpeBbrrrrano cyroK, aAJII
o6pa6oranubrx rloKpbrrr,rrZ ono yBerr4rrr,rBiurocr Ao 8
cyr [19,20].

B [21] ilpr4 r{ccneAoBaHr,rrr flOO-noxpnruft
Ha aJIIOMI{HI{eBbIX ClnaBaX yCTaHOBJIeHO, qTO I,IX TOJr-

rrlr{Ha MoxeT oKa3brBaTb cyqecTBeHHoe BIuqHr4e
Ha Harr oJrHeHrle noKpbrrr4 ft vsru6vr opaMlr Koppo3r.ru.

B cs.flgu c grrrM B Hacro.flrlerl pa6ore r,r3yqeHbr [OO-
noKpbrrt4-s pasnoft ronqraurr (30-90 rr,rxu) na cuane
MA8 c uenbro BbrsBreHr4s BrrtrflHlzrs. eroro $arropa
Ha vx sail\r4rnrre csoft crsa (ra6r. 1 ).

C pocrou roJrrrlr{Hbr racxoAHrrft gneKTpo.q-
nrrft noreuqr{an B 6oparnolr 6y$epuorvr pacrBope
(pH : 7,4) noxpuruilt ue MeH.flerc.fl r,r cocraBJr.rrer -
0,2 B. MeH.serc.fl roJrbKo rrpoMe)KyroK BpeMeHrr,
sa xoropuft gTor noreHur4iur cMerqaercs Ao 3Haqe-
Hraft, 6ru,rsxt4x K noreH\vany qvcroro cuasa 6eg

roKpblrr,rfl - c 5lo 15 uun (puc. 1). ero csrzAerem-
cTByeT o ToM, qTo c pocToM TonrII,IHrr noxpurvrz
yBenL{rII4BaeTCS It4IIIb BpeMS IpOHI4KHOBeHI,I rlepe3
r.rx cKBo3Hbre rropbr SneKTponr4Ta c nocneAylollr4M ero
ssarzr4olerlcrBr4eM c MeraJrJroM ocHoBbr. flocreanee
HaDITAHO t4JrJrrOCTp[pyeTCS COCTOSHVeM nOBepXHOCTrr

rroKpbrrr,rrr (puc. 2). Tax, ua $ororpa$uxx noKpbrrr{.fl ,

flonyqeHHoro npu cToKpaTHoM yBenr{rreHrrr.r, xopono
BrzAHo Hiurrlqr{e cKBo3Hbrx nop (nporapon) u [pr,r ron-

l. Toruununoxpnruft

Bperux oKcr4lr,rpoB aHr,rfl ,
MI4H

Torrqzna, uxv OagosHft
cocTaB

8,5

15

20

30

35

30+3

5515

70+5

80+3

95+3

Mg, Mgo,
Mg2SiOa
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Puc. 1. 3auficuruocrr rroreHquaJra Koppo3rru or BpeMeHrr Bblrep-
xru o6pasqon c noKpbrrr{rMr{ n BEP:
1 - o6paseq 6es norpurns; 2 - noKpbrrrre roaurunort
30 vrxv; 3 - 70 rr,rrur; 4 - 95 *rxvr

rrlr,rHe rroKpbrrr4ft 90 lrxvr, a]ilpv rorpyxeHr.rll raKr4x
o6pa3rloB s 3%-ustilt pacrBop NaCl uepes 5-15 rvruu

ua6nroAaerc.fl aKTr4BHoe ra3oBbrAeJreHr,re.

Henellrro v Brrr4fllnre yBenr,rqeHus ronur4Hbr
norprnuft Ha r4x cnoco6socrb ropMo3r4Tb JroKuurb-

Hyro aHoAHyro aKTr4Barluro B xJropr4AHbrx pacTBopax
(puc. 3). Xor.fl Ars noxprrruft ronrqr,rHoft 55-95 rrrxr,t

Ha6nroAaerct He6onbrxoft cAerar E*oo n noroxurem-
Hyro cTopoHy no cpaBHeHr4ro c TaKoBbrMr,r rorrquuorz
30 urcr, r.rx npo6orl B xJropr,rAHbrx cpeAax npor.IcxoAr,Ir
rrppr BecbMa orpl4rlarenbHbrx rroreHrruarax. Oru eS-

$exrrr He3HaqlrreJrbHbr lr He AoJDKHbT cyqecrBeHHo
BJrI{trb Ha Koppo3r,roHHoe noBeAeHr4e noxprrrrarl n pe-
iurbHbrx ycnoBkt.sx. Kar u B cnyqae uorplrruft c roJr-
rqunoft 3 0 rrrxrrr, .uolonH[TeJrbHoe oKcI4ApIpoBaHIle

B pacrBope NaOH rro3BoJrfler cABr,rHyrb noreHrllraJr
upo6or (E"p) noxpurraft s noro)c{renbHyro cropoHy
rr cyrqecrBeHHo yMeHbrxrrrb BeJrrlqr,ruy roxon n o6-
racrvr rraccprBHoro cocro.rrHr{.fl (cnr. pnc. 3). Irllteuuo
T aKafl, npeABapprre Irbnafl, o6pa6orxa, KaK noKa3aHo
n [19], rro3BoJrrer 6oree eQ@exrunuo HarroJrHflrb
loKpbrrr4-r ranrra6uropaMz Koppo3r4r4.

O4naxo B cnyqae 6oree roJIcrbIX norprrrzft 4aH-
uurir sO$exr ycvney^nfl, rax croftrocru x loralrnorZ
Aenaccr4Baur4r4 BbrpDKeH cra6ee (pvtc. 4). Tar, n cnSnrae

Ha[oJrHeHrar noKpbrrr4.flrorIr1r.ruofi 70 lrxu n pacrnope
rap6orcuratroro ranrn6r,rropa Ha6rrcAaerct roJIbKo
yMeHbrrreHr,re roKoB B naccunnoft o1rractu, acgvttt Eno

B noJroxr4TeJrbHyro cTopoHy He npo[cxoAl4! B ro Bpe-

M.fl KaK.qnr noKpbrrr,r.flTomqranoft 30 lrxrr,r B aHzulorl4q-
HoM cnyqae p euv3yercn o6raropaxranautle Eno Ha 1B .

,ftr o6pa6orKr4 cr4JraHaMr4, Koropble rIoKa3bIBiuII4

ayruruft pesynbrar Ars noxprrrufi roluunoli 3 0 rraxu,

r,rcxoAHbre E*op v Eno noxpurraft ronqunorZ 70 rurvt
cyqecTBeHHo cABr,rraroTcs B roro)KplTenbHylo cTopo -

Hy - Ao sHa.reuuft -0,258tt0,20 B coorsercrBeHHo.
Oro Irrenrrue, qeM An.fl [oKpbITI4s ronnll4Hoft 30 Ivrxrr,r

c o6pa6orrorl n pacrnope rap6oxcurarHoro vurv6vt-
ropa. Moxuo [peArroJroxr.ITb, rrro noKpblTl4-fl Tonru[-
noft 55-95 uxu o6raAaror 6omurr.Ivr o6reruoru lop,
r{eM noKpbrrr,rs rorlruHoft 30 lrxlrr. 9ro ycJloxH.aer

HarroJrHeHr,re noxprrrr,rft zHrra6uropaMl4 Koppo3I4I,I,

TaK KaK 3a OTBeAeHHOe BpeMS OHr{ [pocro He ycne-
BaroT nporrr4TaTb noKpbrTl{e IIeJTI,IKOM }I [pOHI,{KHyTb

Bo Bcro cnoxHylo cl4creMynop.TaK, B cn) {ae cvIraHa,
ero cnoxHble MoneKynbr ne cnoco6nH s Aocraro.rHoft
Mepe 3alonHr4Tb Becb rropucruitcroft snro$Io noA-
Jro)r(KI4, a oarqrarurrfi cnoft prs cr4JraHa HailoBepxHocrl,I
noKpbrrr,rfl He cuoco6eH B oAI4HorIKy flporl4Bocrosrb
Koppo3r{oHHorTr cpe4e.

Peruurr Aanuylo npo6reMy Mo)<uo AByIus flyrsMu.
B o -nepnrrx, Ao6as[rr y vnru6upylorll4e pacrBopbl

cnrprbr (erauol u 6yrauor), Koropble yMeHbIIraIor
B.fl3KOCTb paCTBOpa r4 CHTDKaIOT nOBepXHOCTHOe Ha-

TqxeHI,Ie, o6ner.ra.f, r,rurra6uropaM npoHI,IKHoBeHI4e

B nopbr noxpurufi. Bo-nroprrx, I4crroJlb3oBarb BoAo-
pacTBoplrMble Hu3KoMoJIeKyJIgpHbIe noJlrrMepbr, TaKI{e

KaK aKpr,r,narbr r,r nonr,ryperaHbl, Koropbre (popuupyor
Ha rroBepxHocrr4 rroKpbrrl{x IrrlorHble 6aprepntre cnora.

Kar noxasbrBaror nonflpr43alll4oHHble pl3MepeHus

Puc.2. flonepxuocrr llOO-norplrrra ro.nuqnuoft 90 *rnvr na uarur{eBoM crrraBe MA8 (x100) Ha BosAJrxe (a) u npu norpyxeultu n BbI-

AepxKe o6pasqa R3zo-Ho[pac'rRope NaCl (6)
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E,B
JIABA

90-

6pa-

(pzc. 5), raxoft noAXoA 4etZcrnure-rrruo pa6oraer.
[oGaueuue 6yranola 14 graHoJra B pacrBop Kap-
6oxcuraruoro unrv6nropa [o3Bonner c4uanym Eno
6oree ro-ncrbrx floKpbrrr4rl s noro)c4renbHyro cropoHy
4o 1,2 B, vro ua 0,5 B 6olrtrre, qeM Ar_fl noKpr,rr[s ror-
Uusoft 30 vrxrrr, o6pa6orauuoro B pacrBope rap6ox-
cr4JrarHoro ranrlr6uropa. I4urepecHo, qro o6pa6orxa
noKpbrrt4.s ronqraHofi 30 urrvr n pacrnope zHrz6vropa
c 4o6aueulreM cnuproB He Aaer Hr4KaKoro e$$erra.
9ro noArsepx4aer rrpeArrono)KeHr{e, qro noKpbrrr4{
rorrqnuori 55-95 uxtr o6laAaror 6onee cloxnoft
cucreuorl [op, qeM [oKpbrrr,rs rolrqzuoft 30 uxrr,r.
Hanecenr.re Ha rroBepxHocrb rroKpbrrua 6aprepnoro
crofl aKpr4Jlara rapKe Aaer rroJloxurelrnrrrt e@-

Qexr - En, cgsuraerc.fl B loroxr4TenrHyro cropoHy
4o 0,6 B. B cnyrae Apyrux BoAopacrBopr4Mbrx rroJrr{-
MepoB - aKpr,rnaTHo-[Onr4ypeTaHoBoro, nonr4ype_
TaHOBOTO r4 nonr4ypeTaHoBoro AByXKOMIOHeHTHOTO
(c ornep4rarenerra) - nonrpr,r3aur4oHHbre u3MepeHr,rs
npoBecTl4 HeBO3MO)KHO t43-3a TOIO. qTO CJrOI{ STrrX
nonr4MepoB o6pasyror Ha noBepxHocrr,r Bo.4oHenpo -
Hr,rqaeMyro nneHKy.

Pesyltraru Koppo3r,roHHbrx r,rcrrbrraHraft n qelou
He IIpOTI,IBOpeT{aT BbIBO.qaM, cAeJIaHHbIM Ha OCHOBe
noJnrpr{3arlr4oHHbrx r43Mepeuvit. Kax nz4no u s ra6t. 2,
6oree roJrcrbre roKpbrrr4q 4erlcrnurelbHo He r4Me-
roT rrp er4MyilI e crBa nepeA noKpbrTt4.rrMr,r rolqunorz
30 rraxlr. flepnue Koppo3r4oHHbre rropaxeHvfl, rroflB-
rrflrorcfl. Ha Hr{x na I-2 cyr r4crrbrrauuit, a nocle o6-
pa6orxz noxpsnzfi B pacrBope NaOH - na2-3 cyr:
Llcr:o;tt auuqrroATBepAprntr, qro 6ole e rol crbre rroKpbr -
Tr4rr cro)KHee HarroJrHr4Tr r,rHru6uropaMr4 Koppo3rzrr.
Kar 4lx pacrnopa xap6oKcr{JrarHoro uuru6uropa, rar
vr 4lrfl evrraHa, vfirv. aKpvlJrara, xoropurZ raloKe 3arloJr_
H.ser co6orZ nopbr rroKpbrrvrfl, BpeMs Ao no.flBreHr,rq

i, wlxA,/cw2

-1,5 -1 -0,5 0 0,5 1 4A
E,D

Koppo3r4oHHbrx nopaxeH vtt ua roJrcrbrx floKpbrrr4sx
MeHbIrIe, qeMAn,fl noKpbrTl,IqTomquuoIZ 30 rr,IKrr,r. llpu
HarroJrHeHr4u 6olee roJrcrbrx noxpr,rrurl B pacrBope
xap6oxczlarHoro raHrz6uropa B gTaHoJre vttvt 6y-
TaHoJre, 4eftcrnurelbHo Mo)KHo 4o6rarrcx 6olrureft
3aql4Tbr. B erou cn] {ae BpeMsAo noflBrennflnepBbrx
Kopp o3r,r o HHbrx n op axeH vfi yne r.uutttBaer c fl , .q o 9 cyr
Ans floKpbrrlr.rr rorilIuHoft 70 vrxrrr Lrp.o 12 cyr.qr.fl [o-
Kpblrr4s ronrqzuoft 95 rrarrr.r. fitn 6apsepHbrx aKpr4nar-
HO-rroJrr4ypeTaHoBbrx r4 flonr4yperaHoBbrx.qByKoMno-
HeHTHbrx rloJrr4MepHbrx rreHoK na6lroAa-na cs cra6atl
a4re3vfl K ocHoBHoMy noKpbrrr4ro. flleHxa luaqaJra
orcJrar4Barbcs ua 6-8 cyr r4crrbrraHufi, ra o4uonpeMeH-
Ho Ha rroBepxHocrt4 o6pasqon roflBtrxrvrcb rrrrr-ryrnrtr.
Cnyvueft cropoHbr 3Aecb noKa3irJr ce6a npocro nolu-
yperauonuft Bo.qopacrBopuutrft lolr,ruep. Ero rrreHxa
He orcJrarrBuuracb or noAJroxKt4 Bo BpeM_fl vcnsttautrilt,
a 3arII4THbIe csoficrsa oKa3iull4cb reM BbIrrIe. qeM
Tonlqe rroKphrrr{e, BrrJrorb ao 12 cyr.qo ro.flBreHus

i. wxA,/cw2

15

10

-1 ,5 -1,2 -0,9 -0,6 -0,3 0 0,3 0,6 0,9 1,2 E, B
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2. Pesynrrarbl Kopposl{oHHbrx lrcrrbrraHr.rft o6pasqon crrJraBa MA8 c IlgO-noxpurnrMr{ B KaMepe nlaxnocrn I-4

O6pa6orxa
Bpelrx 4o rro.rrBJreHr,rfl nepBbrx nr4TTrzHroB

Ha noKpbrrr4xx pasnorZ roJrrrlr4Hbr, c)"7

30 rr,mrr,r 55 tr,txtr,t 70 rrarru 80 ruxtr,t 95 uru
Bes o6pa6orrra

NaOH
O6pa6orxa B pacrBope cvrraHa

Kap6oxcurarHrrrZ uuru6nrop
Kap6orcularu uil uuru6nrop B sraHone / 6yr auo rc
Arpularuuft loluruep
AxpmarHo - [onr4yperaHonlrft nolutrep
flornyperaHonrrft nonuuep
florlryp eranosbrft norr.r\,rep (gnyxKor,rnonenrHrrrZ)

I
2

8

5':^
+

9

7

6

6

I
a

7

8

6

9

7

12

aJ

8

t4

2
aJ

t2

7

rrepBbrx Koppo3r,roHHbrx nopoKer:uit 4tts. noKpbrrr,rq
rolqunoft 70 rr,rrrvr ugo 14 cyr - Alrs rroKpbrru.fl Tor-
uttHoft 80 ruxrr,r.

Buno.uu
' 1. VserraqeHr{e ronxrr4Hbr r4cxoAHbrx (neHanon-

ueunrrx) flOO-noxpstttttit ua crrJraBe MA8 strne
30 nrxrra He npr4BoAr4r K 3aMerHoMy pocry r4x Koppo-
guonnofi crortrocrra B x;ropr,r4Hbrx cpeAax.

2. Ycwteuvte 3 anlr{rHbrx csorlcrs fI O O - norprrruft
Ha crrJraBe MAS ronqlrHorl 50 MKM rr 6onee sogN{oxHo
rryreM BBeAeH[s cn[proB n ranru6upyroquft pacrnop
HANOJIHEHI4I I.lIruT I4CIIOJIb3OBAHI,IEM B KAqECTBE NO-
cneAHr.rx Bo.qopacTBopr4Mbrx nonr4MepoB.

3. Halr6onrruraft e(lQercr yBenrueHr4.s Koppo3rroH-
norZ croft ro crr4 lrccJreAye Mbrx noKpbrr ufi ua6nogatc n
npr,r t4x HanoJrHeHr,rr,r B pacTBopax oAHoKoMrroHeHTHo-
ro lonvyperaHoBoro noluruepa Arboritec Classic*.

CIIIICOK JII,ITEPATTTPbI

1. Mordike B.L., Ebert T. // Mater. Sci. Eng. 2001. Vol. 302.
P. 37 -4s.2. Zeng R.C., Zhang J,, Huang W, Dietzel W., Kainer K.U.,
Blawert C., Ke W. // Trans. Nonferr. Met. Soc. China. 2006.
Vol.16. P.763-771.

3. Abela S. Protective coatings for magnesium alloys,f in: E Czer-
winski (Ed.), Magnesium Alloys - Corrosion and Surface
Tieatments, Published by in Tech. Rijeka. 201 1. P. 195-220.

4. Zhang J., Wu C. / / Rec.Pat. Corros. Sci. 2010. Vol. 2. P. 55-68.
5. Gray J.E., Luan B. / / J. Nloys Compd. 2002. YoL 336. P. 88-

I 13.

6. Cuexxo JLA., Pyaner B.C. Anoano-rrcKpoBoe oKcr4Ar4poBa-
Hr{e MarHr,r-s. M. : Texnraxa, TyMA fPynn, 20 14. 160 c.

7. Bfawert C., Dietzel W., Ghali E., Song G. // Adv. Eng. Mater.
2006. Vol. 8 (6). P. 51 l-533.

8. Shi L., Xu Y., Li K., Yao 2., Wu S. // Cur. Appl. Phys. 2010.
Vol.10. P 719-723.

9. Guo H., An M. //Thin Solid Films. 2006. Vol. 500. P 186-189.
10. Zhu F., Wang J., Li S., Zhng J. // Appl.Surf, Sci. 2012.

VoI.258. P.8985-8990
11. Supplit R., Koch T., Schubert U. // Corosion Science. 2007.

Vol. 49. P. 3015.

12. Biallozor S., KupniewskaA. // Synthetic Metals. 2005. !o1. 155.
P.443.

13. Brooman E.W. //Metal Finishing. 2002. Vol. 100. P. 104.
14. Lugscheider E., Bobzin K., Maes M., Kramer A. // Thin Solid

Films. 2004. Vol.459. P 313.
15. Paloumpa I., Yfantis A., Hoffmann P., Burkov Y., Yfantis D.,

Schmeier D. // Surface and Coatings Technology. 2004.
Vol. 180-181. P. 308.

16. Sitaram S.P., Stofrer J.O., O'Keefe T.J. // J. Coat. Technol.
1997. Vol. 69. P. 65.

17. Yfantis A., Appel G., Schmeier D., Yfantis D. // Synthetic Met-
als. 1999. Vol. 106. P. 187.

18. Yfantis A., Paloumpa L, Schmeier D., Yfantis D. / / Swface and
Coatings Technology.2002. Vol. 151-152. P. 400.

19. O;refturr C.B., Pygneu B.C., KyseHron IO.A., .fponar T.II.,
Tpy6eqxar JI.@., He4osopon II.M. trInua6raponanue [IOO-
loKpbrrwr Ha MarHrleBoM crurane MA8 // Koppo3rzrr: Ma.repkr-
irrrbr 14 3arrlr4ra. 2015. Ns 10. C.39-44.

20. O;reftsur C.B., Pyanen B.C., Kyrelrxor IO.A., flporar T,IL,
Tpy6euxaa JI.(D., He.qoeopon fLM. 3arunrnrre csoftcrsa Ha-
loJrHeHurrx rpr4iurKoKcuczflanarr.rra flgO-norprrrlrft Ha Mar-
HIleBoM,bruase MA8 // Kopposr,rx: Marepr4uurbr vr 3arrttra.
2016. Ns;l2.rC.29-33.

21. O.nefinnx C.b., Pyat eu B.C., I(ysenxon trO.A., flporar T.II.,
Tpy6eqrar JI.@., He4osopor [I.M. BnrsHr.re rolqunrr fIgO-
norplrrr.rft rra anroMrrHr4eBoM crnase AMr-5 Ha r{x 3arrlr{THbre
cnoricrna // Kopposua: Marepr4itrrbr r{ 3arrlr4ra. 2015. Ns l. C.
32-3s.

"I{oppognr: Mareprfiarrlr, 3arpffa.', Ne 3/2018 27



MI4KP OEI4OIIOTI4YE CKAfl I(OPP O 3IIIfr,

vIK 541,183

QynrrqlrtrHafi u 6uourrgH.rfi aKTilBHocrb HaHocrpyKrTtpHblx
qacrilrl cepe6pa B so$rofi $ oprany$recr<ofi trncnepc$sx
K pa3rrlrrrHbrM KlraccaM Mr[KpoopraHr[3MoB

ll.f, KaruHr[Ha, KaHE. xr4M. HayK, I{,3, I}mapranrreBa, E-p xrdM, HayK, B.II. IepacuMeHfi, E-p

TexH. HayK, aKaEeMrrKABH PO, C.B. 3axapoB, E-p 6uon. HayK, M,A.I(rrlrr<oa, KaHE. xrdM. HayK

Itlncrwryr xntwnqecxort @wsuwt urw. H.H. Cerwenoaa PAII (I/DkF PeH)
Il999l, P@, Moctea, yn. Kocsrruna,4
Email : i_kalinina I 95 0 @ mail nt
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B pa6ore npr{BeAeHbr pesyJrbrarbt ucc.leAonanuft no paspa6orre
u co3.qaHllrc HoBoro noKoJrenua ruognQnqupyotqux cocraBoB c BBe-

AeHrreM B Hr.rx Hanocrp)'Krypubrx vacrnq cepedpa (HHC). llsyve-
uu @rcnxo-xrMuqecKtre cnoficrna n uopSolorlra H{C s soAHoft
H opraHuqecKofi.qucnepcnrx. floxa3ano, qro BBeAeHr.te HIIC r no-
JrHMepbr, TaKJ4e KaK noJ[rcTupoJt |,| conoJiltMep cTr{poJra c aKpnJto-
HnrpllJroM, nprlaer ru Q;'nruqugnnre croftcrna. llponegero rom-
qecrBeHHoe onucauue flpouecca pocra MuKpocKonr.recrurx rprn6on
n 6arrepuft B npncyrcrBr.l{ pa3Hbtx KoHueHrpauufi HIIC,

Ktrcveeue cnosa:,ranocmpytmypvue qacmuqbt cepedpa, 6uomex-
Horrozun, <<Kon4enmpam KA>, xottttoudnoe cepedpo, Qyaeu4udnate
caofr c mea, 6a rcmepa4ud n arc cooil c mea.

Bneleuue

B uacrosuee BpeM.r HaHorexHoJrorur npuo6pe.na
xapaKTep Mexlr4cqunnr4HapHoro [peAMeTa, ocHoB-
HbIMr{ o6racrsuu npr,r,Iro)KeH}rfl Koroporo flBrrsrorc ,

@uszra, xtrv'rrfl. ) 6vtororvfl. ur4HxeHepHbre paspa6or-
xu [1-5] . I{em 4anuoro trccJreAoB ar.nfl. - co3AaHr.re

Marepr{anoB c HoBbrMr,r 6uororr.rqecKuv,u n cyqecr-
BeHHO ynyqlxeHHbltr,tIz $r.Isuro-xr4Ml4qecKl4NaIa csoft -
cTBaMI,I I4 TeXHr4qeCKI4MI4 XapaKTepI{CTIIKaMI,I [yIeM
BBeAeHr4.rr HaHocrpyKTypHbrx qacrr4u cepe6pa (Hq C)
B noJrrrMepbr - [onr4crr4pol (IIC) tr corroJrr4Mep crr,r-
poJra c aKpr4noHr{rpulona (CAH), a rarcre npv4ar.nfl
lrM aHrr,rMr,rKpo6nrrx u $yuu.ruuaurrx csoft crs.

Anropalrra paspa6oraHbr nperraparu cepe6pa
s soAHoIl l\rcilepcvt4 <<AKBI4BoH>>, n opranuuecxoft
4ncr.epavu <<AxnusoH- O>> r.r Ao6asKa rr,ro4nSzqupyro-
Iqax rrlHoro@yHKrlr4oHanrua.fl <,AKBr.rsoH-TM,> 17 -91.
Pasnepn HHC s npenaparax MeHee 100 nu [6].

ZenecrHo, qro r{oHbr cepe6pa a coe4vlauens.
Ha ocHoBe cepe'6pa BblcoKoroKcnr{Hbl KaK An.rI Mtr-
KpocKoluqecKr4x rpu6on, 'raK 14 gnn 6arrepuit,

Hanpr.rMep, E. coli [10, 11]. B pa6ore [12] norasaHo
unrvt6upywrqee Aerlcrsue HIIC na uuxpo6uamHr,rft
poc! noAaBJreHr4e Koroporo lporeKaer no cno6o4Ho
paAr.rKiurbHoMy MexaHr43My, qTo Aaer Bo3Mo)KHocrb
IICIIOJIb3OBATb I,IX B ME.III{UI4HE I{ B CI4CTEMAX AHTI4MI,I-

xpo6uoro KoHrpoJrfl.
B pa6ore [13] noxasaHo, qro coeAraneHras FI9C

c au@z@urbHbrMr4 rr{neppa3BerBJreHHbrMlr MaKpo-
Mon e Kyn aM 14 flB Jrflror c fl. e Q S e xrunubrMr{ aHT}rMr4 -
rpo6unuu areHraMu. B pa6ore [14] noryvenu HVC
r4 r43yqeHo BrrvrflIlr4e KoMrroHeHroB cpeAbr Ha rrpouecc
ux @oprr,rIapoBaHr{rr B KoMrro3r,rut4oHHoM pacrBopr,rrene

Merr{nrleJrJrosolrn - 6yr}rnarlerar-Tonyon 14 B pac -
TBOpe Cononr4Mepa MerprJrMeTaKpr{naTa c MeTaKpr{no -
soft Kt4croroft . MeroAoru aroMHo-crLJronofi uuxpocxo-
III4I4 yCTaHOBJIeHO, IITO TIaCTVIIbI pa3MepOM IIOptAKa
50-500 uru $opuupyrorc.fl B cr{creMe rpr,rSropaqerar
cepe6pa-xoMno3r,rquonnuft pacrBop, a raroKe qro

.qo6asKra 6yrruaqerara r4 Tonyona cnoco6crnyror no-
BbrrxeHr,rrc ycroftqzsocru KoMrureKcoB raoHon cepe6pa
c Merl4Jrr1enno3oJrbBoM. Moleryru cononr.rMepa B pac-
rBope npenflrcrByror yKpynHeuurc HYC, 3aMeAnqq

npoqecc ux ocax(AeHr4.fl .

HecuorpS na 6oruuroe xoruqecrBo r4ccreAosaHufi
s erofi olracrrt, eAVHoro MHeHI4.fl rlo MexaHI43My
g.eiltcrsufl. HHC ue ycraHoBneHo. EomrulrucrBo r.rc-

cneAoBarenefi cssgrrsaror noAaBJreHr4e pocra Mr4Kpo-

opraHI43MoB c o6pasonanueM cso6oAHbrx paAVKaJroB

Ha noBepxHocrn HHC, Koropbre, araKys. ruerr.r6pauy

KJreTKr,r MHKpOOpraHr43Ma, IpLIBOAST K ee nOnHOMy
pa3pyrxeHr4ro [13].

flo Nrueur4ro Apyroft rpyrrrrbr aBTopoB, MexaHr{3M

uuru6upyrorlero Brr,r.flHzq Hr{C ocHoBaH Ha gJreK-

Tp o crarr,rq e c KoM e $ $ exre rtp r,rr.fl )Ke H r,rq M e)K.qy
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orpr4rlarenbHo 3apflKeHHoft KreroqHorz MeM6paHorz
Mr4Kp OOpraHI,I3Ma V ITOJIO'(IITeJIbH O 3 apfl XeHHbIMI4
Hr{c [15-17].

Hanporun, Sondi z Salopek [18] oruevaro! qro aH-
rnunrpo6Haq aKrlrBHocru HgC Ha rpaMorpr{rlarenb-
Hrre6axrepurr3aBrlctrrort4xKoHrIeHTpaurrurtrcBflsaHa
c o6pasonaHrreM <<q3B>> Ha creHKe 6axrepua-ntnofi
KJIeTKI4, npI4BO.qqr{I4X K I43MeHeHI4IO IpOHL{UaeMOCTI4
rrreu6paHu KJrerKr4, BneKyrrleMy ee ru6ell, KoropaF
Bbl3blBaercs ycKopeHHbrM r{creqeHr4eu rrloleryl 4li -
[ononr4caxappr.4oB 14 nporer4HoB rueu6panrr [18, 19].

Asropu pa6or lI2, 201 aHrr,rMrlKpo6nyro arrun-
Hocrb HHC rapre cBs3brBaror c nos4erZcrnveMp4r4-
KiuroB Ha KJreroqHbre uelr6panu, qro [oATBepxqaercs
M ero.q o M O fI P. O,r e rrp o HHo - Mr4Kp o c Ko n r4q e cxtrir
aHiurr43 flcHo rroKa3aJr, qro HHC axxylryntrpoBanr4cb
n ueu6pane, a HeKoroprre r,r3 Hr4x yclerxHo npoHvKa-
JIr{ B KJrerKI4. flpocavr.InaHr4e MexKtreroqHblx BeIrIecrB
r4 Koaryn{qns HVC na loBepxHocrr,r 6arcepralr verxo
npocnexr4BaeTcfl. B [pocBeqr4BaroilIeM Mr4KpOCKOrre.

Pa6oru Klabunde lI7, 2I].4eMoHcrpt4pyror Bbrco-
ryro auru6aKTepr,ranbHyro aKTLrBHocrb HaHoqacrr.rq
OKC}IAOB AKTUBHbIX METAJIJIOB.

Mexanugru unru6upyrouero AerlcrBt4s r{oHoB
cepe6pa Ha Mr4KpoopraHr,r3Mbr qacr[qHo ]r3BecreH.
florararor, uro IHK rep{er cBoro Bocrrpor43BoAr4reJrb-

nyto croco6Hocrb, Ir lcrreroqHble 6elxra craHoB.flTcfl
HeaKrr4BHbrMr4 rpu o 6pa6orre uoHaMr4 cepe6pa I22].
Taxxe 6suo nora3aHo, qro cBfl.sr4 r4oHoB cepe6pa
c @ynxqraoHiurbHbrMr4 rpyrrnaMr4 6emos npr,rBoArr
Kuxpa3pyreuurc [23].

Anroprr pa6 or 124, 2 5 ] paccnrorpellr oco6eHHocrt4
Karuulurl4qecxoro AerZcrBldl noBepxHocrHo- aKTpTBHbIX

BerrlecrB (IIAB) B npoqeccax oKr4creHrq yrneBoAo-
poAoB v nvril44oB. floxasauo, rrro D4AponepoKcr{Abr,
n ep Br,rrrHbre au@u$ulrHbre np o.{yKTbr oKr4cJreHr{fl
JIr4rrr4AoB, o6pasyror c IIAB cMerrraHHbre Mzrlennbr,
B Koropbrx npo[cxoArrr ycKopeHHbrft pacnal nepoK-
clrAoB, KoHueHTpr,rpyroTcq lpyfl4e nonspHbre KoMrro-
HeHThr - coeAzHeHr4q Meriuuron, zuru6uropbr lr r.A.,
qro cyurecrBeHHblM o6pasovr Brrr4s,er Ha cKopocrb
I,I MEXAHI43M OKI,ICJIEHI4'.

flpz cpanueHuz 4erlcrnus IIAB pasluuHofi lpu-
po4n o6napy)KeHo, qro Karr{oHnrre IIAB (K[IAB)
ycKopfl ror pacnaA rr4lponepoKcr4AoB c o6pasonanraerra
cso6oAHrrx pa,qr4KanoB 126, 27 l, r. e. -fl Br-fl ror cs, Kara-
JIII3 arop aMr4 p aAr{KanbH o ro p acn aAa rr,rAp olepoK-
cuAa. AuuoHHbre u HeuoHHbre IIAB ne oKa3brBaror
noAo 6noro BrrvrflHrrfl . Pacna4 rr4Ap olepoKcr4AoB
Ha paAr,rKirlbr Ebr3brBaeT BbrpoxAeHHoe pa3BeTBneHr,re
qenefi 14 aBToKariurr4ruqecKoe pa3Br4Tr,re npoqecca
OKI4CIeHI{S B UenOM.

M exan usN4 KaraJrrlTr,rq e c Ko ro 4eilrcrnu s. KIIAB
Ha rrpoqeccbr oKtrcJreHr4fl cocror,rT B ycKopeHr4r4
BblpoxleHHoro pa3BerB rreHlr'A rleneft npr4 pacnaAe
rI4 Ap o rrep o Kc r,rAo B. Ie u e p upye lr bre n e p o Kc r,rAH br e

pa4r4Kiurbl BbrxoAqr s o6tel4 I{ Moryr uHvr\r4t4poBrrb
rlerrHoe oKrrcJreHr{e. Ih4poneporcra4tr o6pasyrorcq
TaIoKe B xoAe 6rzoxraMu.recKl4x rlpoqeccoB B )KI4BrIX
opraHll3Max. Kararuru.recKoe pa3noxeHl4e Jlr,Ilore-
poKct4AoB KjreToqHbrx uerr,r6pau IJ'apalvKurbr B npr4-
cy't c"tBr4r4 KIIAB u nocneAyroxrr{e peaKrlr,{r4 paAuKiuroB

c rroJII{eHoBbrMr4 coeII4H eHnflMvt, rLlrrvr4aMrL 6elxalru
pI ApyII4Mr{ KO Mn OH e HTaM r.r KJr eTKr,r, [pr4 B O.4strlr4 e

x lrx Heo6parr4MoMy pa3pyrrreHprro, - Bo3Moxnuft
MexaHr43M 6arrepvqr,rlHoro Aefi crsrq KIIAB.

B pa6ore [28] sanreveHo, qro cepe6po aKrr,rBHo
cop6upyercs nupoKuM KpyroM Mt4 KpoopraHrl3MoB :

BoAopocn-fl Mu,rpn6attuu1arrepuxvu.OAuaxo6olt-
rlrrHcrBo pa6or no ssarzl,{oAetrcrnurc cepe6pa c Krrer-
KaMr4 [ocBsureHo eroAerZcrsr4ro s [oHuolZ Sopme [29].

I4Hrepecnu pa6oru no 6uolorzqecKoMy Aerircr-
surc HVC Ha Apo){or(eBbre KJrerKr4. BsauraoAerlcrBr,re
I4oHoB yt cr a6uttsubrx HaHopa3MepHbrx KnacrepoB
cepe6pa, cr4HTe3r4poBaHHbrx paAr,rauraoHHo-xr4Murre -
cKI,IM MeroAou n o6parHbrx MlrrleJrJrax, lrccJreAoBaHo
B rrrr{poKoM Ar,rarra3oHe KoHrleHTpauurZ c 4po;roxenrr-
MV KJrerKaMu Candida utilisu Saccharomyces Cerevisiae
B BoAHbrx rr BoAHo-opraHr.rqecKr{x pacrnopax [28].
VcrauosreHo, qro 6uoqlrAsufi e@@err KJracrepoB
cepe6pa npeBocxoArt 4eircrsvre uoHoB cepe6pa.
floxasaHo, qro rroHbr cepe6pa He Brlr.flror Ha pocr
Apo)oKeBbrx KJreroK, B To BpeM.rr xax HgC yrHeraror
npoqecc $eprraeHraquu.

B pa6ore [30] orlnevaercq, qro roKcuqecKr,rft xos-
IleHTpaqnoHHo-3aBr4cr4Mrrft e(f (f ercr uoHoB B orHorle-
nura 6axrepuft z 4po;roreri o6yclonleH cBq3brBaHr4eM

I4oHoB cepe6pa c 6enrarrara u nilnvrraMr4 KJreroqHbrx
ueu6pan r,r BnocneAcrBr{r4 c r,r3MeHeHr,reM TpaHcMeM-
6pannoro rroreHrltraJra, BrrJrorb 4o npo6oa lreu6pan
uru6qlu KrrerKrr.

Taruna o6pasou, MexaHr43M 4eftcrr.ufl. cepe6pa
ua uzrpo6Hyro KrrerKy B cBere coBpeMeHHbrx AaHHbrx
3aKrloqaeTc.fl B roM, qro r4oHbr cepe6pa cop6upyucx
xltero.rHorl o6oro.xorz. Klerxa ocraeicq )G{3Hecrro -
co6uoft, uo nptr groM Hapyrxarorcr HeKoropbre ee

OysrcIuu, Halpr{Mep AeJreHr{e. Kax rolrro Ha rroBepx-
Hocrl4 rraurpo6uofi rnerxz cop6vpyercr cepe6po, ono
rIpoHI,IKaer BHyrpb r(rrerKr,r v. uuru6vpy er S ep u e nrrr
AblxarenbHori r1enu, a raroKe paso6qaer npoqeccbr
oKlacreHus vr oKt4crrureJrbHoro Soc(fopulupoBaHvs.
n uurpo6Hbrx K;rerKax, B pe3ynbrare qero KJrerKa
rra6Her. OAuaro o6uuft MexaHr,r3M Aeftcrsr.rs Hr{C
Ha )(I4BbIe ICTTeTKI,I AO HaCTO.flXIerO BpeMeHI4 OCTaeTC.fl

IOKA HEBbI.flCHEHHbIM.
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B pa6ore [31] norasano raHru6upyroqee BJrrrflHr4e

HVC Ha pa3Br4rr4e prrAa Mr4KpoopraHr43MoB. ,{pyrnnn
pe3ynbraroM egauNaoAer1crBz-fl r.roHoB cepe6pa c Ir,ru-

Kpo opraHr,r3ru auu (npu KoHrreHrp aur4qx r4oHoB cepe -
6pa nrrrue 45 vrxM), flBrrs.ercfl, o6pasonanue Hr{C xax
BHe KJTeTOK, TaK I,I B IIpeAnna3MaTlIqeCKOM npOCTpaH-

crne (y 6axrepuir) rrJrv Ha noBepxHocrz rueroqsorTr
creHKr{ (yapoxxerZ).

rluc-uo Ha) {Hbrx r.rcc.rreAoBaHuil s o6racrr{ HaHo-r,

rexsororuft, HaHoKoMrro3r{roB (nornuep-HaHoqa-
cruqrr) B rroc.[eAHr,re Aecfl Tr.rJrervfl, p acr er oKcrroHeH -
ur4M[,HO, IA OCO6Oe BrU4MaHI4e yAerllfleT}fl. B3aI4MOCBq3[

<<crpyKrypa-csorzcrBa,>. PaspyrueHrae u cpor clyx6u
rronr4MepoB paccMaTpr4BaeTcq B rrpr4cyrcrBr4v HaHoqa-
crr.ru npr4 pa3nr4qHbrx ycnoBr4.fl x oKppKarouerZ cpegu,
a r4ccneAyerc.fl raroKe ponb HaHor{acrr4u npu 6uopas-
pyrreHr.ur noJrr4MepoB 132, 331.

CyqecrnyrcT Tpr.r ocHoBHbrx HarrpaB reHr4fl, rror4c -
KoBbrx r4 npr4KnaAHrx pa6or: 6uopasraraeMbre noJrr4-

Mepbr Ha ocHoBe nolueQupoB ril.qpoKcr4rap6ouonux
Kr,rcnol KoMrro3r4THbre MaTeprraJrbr Ha ocHoBe rrpupol-
Hbrx rroJruMepon, mognQrrKa\vfl We cya1ecrByroulr4x
IIpOMbrrrrJIeHHbIX IIOJIpIMepOB I4 npI.zI'AIJLIe I{M HOBbTX

csorzcrs. KpynHorouHaxHbre lonr.rMepbr: fle, IIII,
IIBX pr fIC 6es uo4ra$uraqvpr14vrslelruq tr3 Hr4x Mo-
ryr xpaHr4Tb cfl 4ecflTrlrervr,v'vr. ZHor4a neo6xoAuuo
npr{,qaBarb v34erfirsv' anru6axrepv zurbHbre cnoft crna,
Ho nocJle ucrerreHl4s cpoKa roAHocrt4 neo6xoAralro
Lrx \r-rrz.nr4sr4p o B arb. E4un crne H uu rZ c n o c o 6 p e lrraTb
npo6reuy nonr4MepHoro Mycopa - co3.qarb npor43BoA-
crBo rroJrr4MepoB, cnoco6uux paslararbcq B [pr4poAe
Ha 6esnpe4ubre KoMnoHeuru. IIIupoKoe r4crroJrb3o-
BaHlre 6rao4erpa4upyeMbrx [onr4MepoB 3arpyAHeHo
r434akrx sucoroft crorrMocrr4 rro cpaBHeHr.rro c rpa-
AI,IUHO H H bIM V }|dAT epI,liUtAMVr.

9acro npu non] reHur4 HoBbrx Marepr4aJroB )KeJra-
TeJrbHo ecJIV He yJl)rynr,rTb, To, Bo BcqKoM cJI) Iae,
coxpaHr.rrb ux Qusr.rro-xr4Mr4qecKr4e ra 6arrepuiurbHbre
cnotlctna, a groro Mo)KHo Aocrl,IrHyrb, ucrorb3yq
u anoAo 6 asKra B n oJrr4Mep H a cr ag'rrrr ero nep ep a6orxra.
IIpou:no4crBo HoBbrx KoMno3r4rlr4oHHbrx Marepr,ra-
JIo B Bor3brBaer se oara6 esarc n\nfr ruaymr,rft krrTep e c
K pa3nr.{qHbrM BlrAaM AecrpyKrlr4r4 u crorlxocu,r gTrax

Marepr4iuroB.

Kax norasaHo B HarrrrD( pa6orax lo zeyveuuro 6uo-
croft xocu.r nonr4MepoB r{ MeriurJroB 13 4 - 3 6), 6r.lono -
Bpe)qeHl4e MaTepl4anoB Bo3HI4KaeT IIpI4 ytx KOHTaKTe

C XI4BbIMI'I OPIAHI43MAMI4 14 NPI4BOAI4T K I43MEHCHI,IN

r4x gKcnnyarauvoHHbrx csoftcrs. B o6rqerra cnyqae
npn 6uononpexIeHr4r4 rrpoucxoA.rrr cneAlmrqr4e npo -
ueccbr: aAre3r4s Ha noBepxHocTr4 MaTepr4iura Mr4Kpo-
opraHra3MoB, r4x pocr, pa3pyrrreHr4e Marepr4aJra tv6o
B pe3ynbrare cnequ@uqecKoro 4eitcrsvrfl. (xusHe

op f aH r43MbI I4ononb3yror n oJI I,IM epHblr{ M aTe p 14 an
B KaqecrBe r4croqHraKa rrvnaunn) , r't6o noA AeIicrBr{eM
rrpoAyKToB n4era6orusN,{a.

Pocr u pa3Br{Tr,re Mr{KpocKorIr,IqecKI,IX rpu6on
v 6axrepvitt Ha rBep.qbrx rroBepxHocrqx o6br.{uo
oueHr4Balor uo lrecru6alruuolZ rrKzule rocrl4poBaH -

HbrMr.r MeToAaMr{ vIV no pocTy Ar,raMerpa xoroutttz
o rrp eAen eHHoro Br.rAa vltt't ua6 op a Mr{Kp oc Koll{q e -

cxux rpu6oB, qro cB.f,3aHo c gKcrIepvMeHTzuIbHbIMI4

TpyAHocr.fl Mr.r o6uapyxe sus. 6tttotvraccbl B KoJII4qecrBax

HecKoJrbKI4X MKr/CM- Ha HaqaJIbHbIX cTaAI4.flX pOCTa

B7l. !.lts 3anlr4rbr or 6noo6pacraHnfl. MarepI{aJIoB
I4CnOnHyrOT HT.I3KOMOJIe Kynfl pHbre XI{MI,IqeCKI4e Be -
rrlecrBa, TaK Ha3brBaeuue 6uourzAu. HolreHKJlarypa
BelqecrB, o6laAaoruzx 6uoqIaAHltuu croft ctnauu,
rrocTo.rrHHo paclnLrp fleT a fl..

B Hacrosuee BpeM.fl uau6olee rul'IpoKo tIpI,IMe-

H.srorcfl MeroAbr oueHKr4 @yHrzIlu4uotZ axrrasFlocrl4
XI4MI4I{ECKUX BEIIECTB, OCHOBAHHbIE HA I43MCPEHI,I}I

cKopocrr4 pocra xoronnft rpu6on Ha arapI,I3oBaHHbIx

cpeAax B npr4cyrcrBr,rr4 srrzx BeIIrecrB [37]. Oru rvreroau
flBJrflrorc fl. non6onwrccrBenHbrMar kI cy6nercnnuul.n,
oHH He fio3Borqlor onpeAenxrb BJtvlfl.Hne 6noqu.4os
Ha p a3nl4rr Hbre cT aIhr4 p asBl,lTr4fl , Mt4 Kp o op raHr43M O B.

flocxomry 6uoo6pacraHr4e Marepr4aJroB pa3Br4Ba-

eTcq Bo BpeMeHv, To KI4HeTlIqeCKI4e MeTOAbr I{CCne.4O-

BaHrrfl e Har46omueft creleuu noAxoAflrAn.s orIeHKu
e$Qerrranuocru 6uoqzaon [38, 39].

IJerr Hacroaqeft pa6oru - KoJrr4qecrBeHHo
oueHr4Tb npoqecc pocra rocrr,rpoBaHHbrx BlrAoB Mr4-

KpocKolr4rrecruax rpra6on ra 6axrepraft n npucyrcrnr,rra
pa3Hblx KoHrleHrparlr.rrZ HH C - <,Arsr4Bona -TM'>
rI oIIeHr4Tb ero BruqHue na @usuro-xl4Mr4irecKue
csoftcrsa IIC u CAH, a raKxe Ha Bo3Mo)KHocrb npo-
uecca a4resvfir r4 pocra Ha noBepxHocru IIC u CAH
6axrepuft u rpu6on.

OxcnepuueHTaJrbHafl rracrb

Memodurca sucnepuMeHma

Zccre4onaHue csoftcrs Hr{C nponoAr,rnr.r B BoA-
HoM n opraHwrecKoM pacrBopax c KoHqeHrpa4neit
qacrurr 4,0 ' 10 3 r-nouf lu orleHr4Biuru $usuuecxue
napaMerphr Hr{C. Paspa6orauHa.fl aBropaM}r r{HHo-
BaIIUOHHa.q TeXHOIOIIIS llonyqeHl,Lfl 9Tt4X COCTaBOB

[6] rosnor.fler paBHoMepHo pacrpele:rurr HVC
no BceMy o6rerry Bo.4Horo u opraHnqecKoro pacrBo-
poB r{ coxpaHr4rb c@oprr.ruponaHHbre crpyKrypHbre
gJIeMeHTbr B TeqeHr{e Anr4TeJrr,Horo npeueura (no4-
HbIe lr4cnepcvrr4 - ro 2 ter, opraHr.rqecKr4e - 6olee
5 rer). Onpe4e.reur4e coAepxauus Hr{C B Bo.qHoM

14 opfaHr4qecKoM pacTBopax npenaparoB npoBoAr.rnu
ua o6pasqax, rpt4roroBJreHHbrx corJracHo Ty [7, 8]
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B rpex BapuaHTaX npe[apara B Br{Ae npo3parrHorz
oAHop o.qHo rZ cycl eH:w.r c KoHrIe H rp aquefi qacrr4rl
cepe6pa or 2 . 10-5 Ao 3,5 . 10-i r-uou/1.

Hwrurme HVC e soAHorZ LrJrvr opraHuvecxori 4ra-
cnep cr4r4 np e n ap aTo B Ha CT A!.LrrL 14 x n onyq e Hr4s KO HT _

ponupoBanu clexrpoQoroMerpr4r{ecxz (clerrpo_
$oronaerp <HELIOS ALPHA> e o6racril rorlrotueHnfl
400-430 Hlr). [IpucyncrBr4e B BoAHonr pacrnope HgC
xap aKTep r,r3y eT c tr Hanvqu e M II OJI O C bI IIODT OrU e Hr,r.fl
cBera s o6racru 400-420 HM, xapaKrepHorl 4:rx
Hr{C, noJTyrreHHr,IX u3 MurleJrn.spHbIX pacrBopoB.
AnaroruqH afl KaprzrHa :natrvt.r'Lrfl HgC na6nroAaercq
B OpraHr4rrecKoM pacTBope u xaparflepr43yercs floqBre_
Hr4eM rroJrocbr IIoInoilIeHL{.S CBeTa qacTLIIIaMV Cep e6pa
s o6racrr4 430-450 Hru.

Orc rcmp o n u o - rxu Kp o c rc o nwte cK a8 o Ue H K a
cmpy Kmyp HbN xap aKmep ucmurc HtI C

Pasuepu, Qoprury, pacnpeAeneHze qacrr4rr B pac-
rBopax npenap aroB r43yqanv Ha TpaHcMr4c clroHHoM
eneKrpoHHoM MrzKpocxone LEO912 AB OMEGA
c B6rcoKr4M pa3perxeHr{elr (0,3 urr,r) npu ycKop.srcrleM
Hartp.a>KeHzu 100 xB 14 gJreKTpoHHoM Mr{KpocKorre
HITACHI H700 (.fluouvn) c pa3perrreHr{evr 0,5 nrvr
npr4 ycKopsrcueM HalpflKeHrlu 100 xB.

O6pasqu An.s oneKTpoHHo-Mr4KpocKoruqecKr4x
v ccneAoBanurl roros vnr4 cnelyrorur{M o 6pasou :

0,02 lrn npenapara rroMeruaJrr4 Ha MeAHyro cerKy
c npeABapr4re.rrbHo naueceuuorZ lleuxorl eopunapa,
yKpenneHHyro yrnepoAHbrM HalbrreHr4eM. flocle
3 uuu gKcno3r{rlul,r zg6trror pacrBopa yr\anfl.nkr
Srurrrponalruoft 6yuarort, npourr Bauru rlrcrtarnv -
ponauuorZ no4or?, sareu o6pa:qsr c],'rxr4nr4 Ha Bo3Alxe.

lrx 4antHerhuerl o6pa6orKtr Herarl{BoB, rroJr} reH-
Hbrx Ha Mr4KpocKone Hitachi H700, lrx cKaHt4poBurr4

1fr{l nret

B MoHoxpoMHoM pe)Kr4Me c pa3peneuzevr 1200 roqeK
uaArcrZu (472ro.txvtua caHrr4Merp) ra rny6uHori npe4-
craB.rreHr.r.s uBera 16 6vr. CxaHuponaHr4e ocyxlecrB-
Irflrrlr c noMoxlbro ctafi.L-cxasepa Epson perfection
4990 PHOTO.

Pasnreprr HgC onpeaenfl;rv AByM.fl cloco6auz:
Ha [onyrreHHux ltso6paKeHlrqx c ucrIoJIb3oBaH]IeM
craHAaprHorZ np o rp arrarr,ru Statistika ra Henocp e4 -
crBeHHo B aHaJrlrruqecKoM MrzKpocKo[e LEo-912
AB OMEGA c nouoqbro BcrpoeHnoft nporpalrlrtr
EsiVision.

nn.fl onpeaeJreH:,u.fl @opuu HgC no,ryqeHHbre
npenapaTbr orTeHqru B BaK],ryMe pacrrbrneHr4eM cn.[a_
Ba rrJrarr4Hbr c nuuru4ueM noA yrnoM oKoJro 10., 6es
KpyroBoro BpaxleHu.fl o6pasqa. IIpu raxou cnoco6e
KoHrpacrr4p oBaHvrfl qacruubr cep e6pa cop6upyrcr
pacnbrnfl eMsrrZ uerall Ha noBepxHocru, o6paqeHHoft
K ucroqHr{Ky, a Ha rrporr4Bouonoxnoft cropoue eop_
Mzpyercq 3oua, cno6o4nafl or paclbrJlseMoro Merzuura
(<<reur>). flo Aluue erorZ renu Mo)KHo cyAr4r[, o Oop-
Me aHaJrurcVpyeMbrx rIacTI4u: ecJlr{ qacTuua [.[ocKarr,
<(TeHb)> 6y4er xoporxor?. Ecnu qacrr4rla r{Meer Ooprrly,
6rusxylo K rrrapoBr4AHorU, <(reHb> 6y4er npr4MepHo
coorBercrBoBarb lr4aMerpy qacrr4u. B uaueu cn] {ae
uso6paxeHze <<TeHLr>> noKa3blBaer, qro r{acruubl ce-
pe6pa r{Meror cSepu.recr<yro $opruy. Cocrae qacrr4u
oflpeAen.fl nr4 rryreM cpaBHeHr,rr .qu@QparqlroHHbrx
KapTlIH, nonyqeHHblx Ha TpaHcMHCCLIOHHOM MI4_
KpocKone c graJroHHbru zso6paxeHr{eM cepe6pa.
Pesyrmaru [poBeAeHHbrx ]rccJreAoBannrZ no r43yqe -
nero HVC s soAHoft r4 opraHr4rrecxori Ancnepcrrflx
noKa3aHbr na puc. 1-5.

AHarzs rroryqeHHbrx pe3ynbraroB rro3BoJr]rJr
ycraHoBr4Tb cneAyrorrlr4e @rasuxo-xunar4qecKr4e xapaK-
TepvrarnKr4 BxoA.flulero B cocraB KoHrreHTpara H9C.

ry

17 20 23 26 29
!xattetp qacrxtl, HM

6
15;_11 

Mlrrporlororpasur' (a)ugwarpaMMa pacflpeAeJreHxfl no pasMepaM (O HqC, coAep)Karurxcx n no4nofr4ucrepcrs (3,5 . 10-3 r-uoH/ r)
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t'44

120

1

4*

fr

a
(a) n auarpanMa pacnpeAerreHrr ro pa3MepaM (A HqC,

t/.r6 12,61 nm

0
coAepxaufixcr B opraHt{IrecKoft Aflcfiepcr4uPuc, 2. lVJrrpoQororpaQrr

(3,5 ' l0-'r-rroH/Jr)

Puc. 1. MuxpoQororpaQufi crarficrtrqecKoto aIIaJltBa flpu cKaH[poBaHr{r{ pa3Mepon HIIC, ocprlecrn]rreMoro c rroMorrlbrc cJrafiA-cKa-
Hepa Epson Perfection 4990 PHOTO (a), u HgC, orreHeHnbrx crrJraBoM rrJrarfiHbr c [iLruraAueM, onpe,qeJrrnilIrD( rD( rlapoBraqro Qop-
nry 6es xpyronoro Bpar{eHrrr o6pasn (6)

Prc. 4. MnrpoSororpaQnu 4nQpaxqlroHHblx KaprxH eraJroHa arouon cepebpa (a), H9C n noAnoft (6) r.r opraur.rvecxux 4r.rcnepcuax (e)
(3,5 ' 10-'r-uou/.rr)
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fluanasou pacnpeAeneHr4rr pa3Mepos HgC n no4HorZ
gncnepcr4tr ne)Kur B rrpeAeJrax or 11,0 4o 41,0 Hru,
lpr4r{eM 80-85% cocraBJrrror rracrr4rlbr c pa3MepoM
or 11,0.qo 20,0 Hvr (crr,r. pvrc. l), a HgC B opraHr4-
.recxorl rvcilepcvru - B npeAenax or 4,0 Ao 20,0 nu,
npr4rreM 50-65% cocraBr.flror r{acrr4ubr c pa3MepoM
or7,04o 15,0 urr,r (crra. pr,rc. 2). KaxyxeyrroMr4HaJrocb,
(poptua Hr{C - c@epuvecra-a (cnr. puc. 3, d). HLIC
npeAcraBnstor coboft KptrcrilJrJrbr aroMoB cepe6pa,
o6re4uHeunbrx B rrrapoBr4AHyro MrzUenJry Kpr4cruur-
rvqecKoro BoAoHepacrBopr4Moro IIAB (crra. puc. 4).
B paspa6oraHHbrx Bapr.raHTax Bo.qHoro t4lrr{ opraHr4qe-
cKoro pacrBopoB npelaparoB BXO.4SXIVe B r4X COCTaB
Mr4uennbr HHC pannoMepHo pacnpe.qen.srorcfl B srtrx
pacrBopax 6eg clnnanvn u o6re4vHeHl4fl e 6oree
KplmHbre KoHrnoMeparbr rracTr4rl r43 - 3a OAH Onon.rrp _

Hocrr.r r4x 3apsAoB (cu. puc. 2, a, 5). Conna4eurae
pe@rexcoo orzuroHa c rracrr4rlaMz <<flpenapara KC)>
(crr,r. pzc. 4) noxasrrnae! r{ro aHaJ'rr43r4pyeuue HgC
n no4uorZ t4 opraHr4qecxofi 4ncnepcuflx cocro.rrr
r,r3 aroMoB cepe6pa.

Ilcnatmaaua Qyneuqudabx csortcmr HV cepefipa
(DynrprqralHrre csofi crsa noJrr4MepHux o6pasqon

B orcyrcrBr4e r,r B npr4cyrcrBr4yr HqC, HaHeceHHbrx
Ha rro.[r4MepHbre rpaHynu fIC u CAH u3 Bo.qHoro

1. Suaqeuus reM[eparypbr creKJroBanr{fl rrprMoro rl [o-
BropHoro n'tranrennfi Ars o6pasqon IIC, CAH B orcyrcr-
Blle r{ B npncyrcrnnu HgC

HaranenosaHue o6pasqon Ts,"C Ts,'C, noBTopHoe
IIJIABJIEH14E

CAH, ronrpolr
CAH c HrIC, papuanr Ns I
lIC, ronrpo.nr
IIC c HHC, napuanr No 2

rr0,4
111,0

97,9

98,1

110,6

r10,7

97,4

98,1

2%-noro pacrBopa HYC s oprauuvecxorZ
Arcnepcvtur <,AKBr4BoH,> (Ty 2499 - 022 -
87 552538-10), usyralu Ha rroJrprMepHr,rx

Ar4cKax us IIC u CAH. ilvcrur nonyqanr4
npeccoBaHr4eM rronr4Mep a npv nnaBne}l].dtr
(160 "C) vr patsuefiueM oxJraxneH14r,l
B reqeHlre 40-60 Mr4HAo 60 "C. Tonuuua
o6pasqon fIC z CAH coc'raBn*Jra 100 rr,rriu,

AI4aMerp 20 vrrrl. Terr,rneparypbr creKJro-
Ba:uvfl (Tg) nolralrepHbrx o6pasrlon IIC
n CAH onpe4 etnm ua fiCK-xanoprauerpe
@raprvru TA Instruments DSC Q100 npu
np.flMoM I4 IOBTOpHOM IIJIaBJTeHUV, KOTO-
pbre rrpe.qcraBJreHbr s ra6r. 1.

I4s ra6r. 1 cne.qyer, qro reMneparypa
crercloBaHr4 s. fIC v CAH s npvcyrcrBr4r4
HVC nosHrrraercs He3HaqvreJrbHo, rrpn
3TOM CTpyKrypa nonr4Mepa He3Harrr4Tenb-

Ho ynpor{Hs.ercr (lonroputrrZ Harpen He MeHfler
reMleparypHbre xap aKT epucrurur) . .{lx ncex vc cne -
AyeMbrx o6pasqon fIC ra CAH ne ua6lrcAa-nr.r raroKe
or tv'tuft . pr ua LIK- @ypbe - c n e Krp ax. Taxzu o 6p as o u,
BBeIeHrre HrIC s npeAcraBneHHbre rroJrr4ueplr fIC
pr CAH npaKTr4qecKr{ He r.r3MeHqer reMleparypHo-
crpyKryp Hbre xap aKrep vcr r4Kr4. {lx oqe Hxr,r $yH -
rzIla4uorZ aKTr,rBHocrlr nonr,rMepHbrx o6pasqon II C
z CAH, corJracHo |OCT 9.049-9I, oirr4uleHHbre
or 3arps3Heurafi o6pasqbr rroMeruanr4 B r{arlKr4 llerpr,r
Ha rBepAyro nr4rarenbHyro cpeAy (9anexa-fioxca
c araporvr),3apaxaJrr4 cycnensl.left cnop rpu6on B cpeAe
9anexa-.{oKca r.r BbrAep)Kr4Banr4 B ycnoBrrqx, orr-
rr{MzurbHbrx An.rr pa3Br4Tvt rpu6on, c nocle4yrorqerl
oqeuroft @yuruuer.quHx csofi crn rro r4HTeHc]rBHocrr.r
pocra rplr6on ua o6pasqax r4 rrurare.rrtuofi cpe4e.

Ycno e ua np o e ed euua ucnatmanuil
rua Qynzuquduocma:

. npoAoJDKr4TeJrbHocrb r,rctrctrasuft- 14 cyr, rerr,r-
neparypa [o.q,4ep)KuBaJracb nocro.rrHuoft vt cocraBlrfl]ra
+29 + 2 "C, oruocr4'rerrbHafl BJraxHocrb Bo3A).l(a -6orce90%;

. Br4Abr rrnecHeBbrx rpu6on: Aspergillus niger van
Tieghem, Aspergillus terreus Thom, Aspergillus oryzae
(Ah lb urg), Pe nicillium fun icu losum Tho m, Penicilli um
chrysogenum Thom, Penicillium cyclopium Westling,
Paecilomuces yarioti Bainier, Chaetomium globosum
Kunle, Trichoderma virtde Pers. Ex Fr.

floras areraruu @yuruqr.rAHbrx cs oft crs flBrrfl. -
Iorc_rr IrHTeHcvBHocrb pa3BvrrLrfl rrJlecHeBbIX rpu6on
ua o6pasqax s 6anrax no ruecrn6allrnorZ rrrKiure
IOCT 9.048-89 l40l u Harrr4qr{e uHrra6raropuoft
soHrr (sonrr orcyrcrBr4s pocra) ua nurarelrnorZ
cpe.qe BoKpyr o6pasqa. Couacrro |OCT 9.049-91

ab
, coAep)Karrltixcr n no4uofi (a)
/.n), nonyveHHbre B eJreKTpoH-
eHue 0,5 HM, ycKopflrorqee Ha-
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[41] cunrHurZ $yurracraru.{ecxl4ft eS@err xapaK-
repr43yercfl orcyrcrBl4eM pocra rpl.r6on Ha o6pasqe
(6all 0). Orcyrcrnue pocra ua o6pa:qe 14Hurvllve
unru6uropuoft gonsr Ha rrr4rareJlr,uofr cpe4e BoKpyr
o6p asqa o3Haqaer cI4JIbHoe npo-fl BreHIle Syurzqu4-
Horo s$Sexra. Pocr rpu6on ua o6pasqe, coorBercr-
synuuft 6a:rny 1, csr.rAererbcrByer o cra6otf @yHru-
crarr{qHocrvMarepvana, a pocr or 2 Ao 5 6aruos -
o6 orcyrcrnr,ru @yHrzquAHoro eQQerra. PesyrtrarlI r,

r,rccJreAoBaHurZ npueeAeHrt s ra6r. 2. YcraHoueuo,
.rro o6pasqbr nonr4Mepos ns fIC (o6paseq 1) u CAH
(o6paseq 2) c HYC o6raAarcr Br,Ipax(eHHblrr,ru @yH-
rr{rlr4AHbrMr{ csoft crsaN{u. flpu groM KoHrpoJIbHbIe
o6pasqsl ne o6raAarcr @ynrurrraAHblMl,I csoft crsaMla.
el e xrp o u H o - M 14 Kp o c Ko r r,Iq e c ru ft aHar\r3 rI o JI I4 -
MepHbrx o6pasqon rocJre cMbrBa rrnuxpo6ualrurtx
xo:roHrarZ rr oKa3iur, rITo aAf e3l4q MlrKpoop raHra3MoB

K rloJrlrMepHbrM noBepxHocr.rrM Hocr.rr neo6parurmtft
xapaKTep, rtpr4qeM B npr,rcyrcrsrar,r HHC ua6rrcAa-
rorcfl MHoroqlrcJreHHbre SparueHTbr Mr4Kpoopra-
Ht43MOB.

O 6 u enp r.tlrrro o rle HKy $yn rraqu.qs oit ttt 6tto\t'ry,-
Hofi axrrasFrocrr4 npenaparoB npr4BoAr4rb s 6anrax.
PaHee Hartr 6lua nponeAeHa KonuqecrBeHHaq oueHKa
a4re3vlr 14 pocTa cnop pa3Horo Kracca Mr.rKpocKo-
lrrqecKlrx rpu6on Ha pa3n[rrHbrx Marepr,riilax [42]
n HaDrqAHo noKa3aHo rrper{MynlecTBo TaKoro noAxo-
aa. Ha puc. 6 npnBeAeHbr rr,rcrorpaMMbr cpaBHeHr4.s

6alrusoro r4 KoJrurqecrBeHHoro rroAXoAoB K orIeHKe
pocra Mr{Kp ocKorrr4qecKoro rpv6a As p e rgi I I u s n i e ger
rro pe3ynbraraM Harrrr.rx pa6or [43-46]. B xa.recrse
KOJrr,rqecTBeHHbrx [apaMeTpoB rrpuBeAeHbr MaK-
cl4MiulbHoe 3HaqeHI4e 6raouaccrt u ql{cJro a.rIre3I4I4

(vuclo ueo6parunro aAre3lrpoBaHHbrx cnop Mr{Kpo-
cKolr4r{ecKoro rpu6a Aspergillus niger, nstpaxeHHoe
B nporreHrax). Bu4uo, rrro npu cpaBHeHr,rr{ pa3nr.rq-

Hbrx Marepr{aJroB K 6zoo6pacraHr4ro orIeHK a s 6amax
flBIrflercg- MeHee tovttolZ, rreM cpaBHeHue MareprraJroB

rro KoJrrrqecTBeHHbrM napaMeTpaM.

IIc n a t m a a un 6 a rc.m ep uqu d aux
c6oficm6 HV cepedpa

B xaqecrse recr - opraHr43MoB r,rcrroJrb3oBzurr4 pflA

Mr4KpocKorrprqecKlrx rpv6on v, 6axrepufi: B acillus

2. Pesy.lrrarn ucnuranuft rrJreHoK fIC n CAH B orcyrcrBue

mycoides, Micrococcus flav us ; E. co li ; Aspergillus niger ;
Penicillium chrysogenum.

B ra.recrse 6uouraAa (nuru6uropa) pocra rylr-
Typ rlp I4 M e :ns:rc fl p asp a6 oraHur,rrl uo4n S I4Karop
<<MoAu0raur.rpyloulaq Mnoro(byHKlruouartna.fl Ao6as-
xa HH C <,AxsI4BoH -TM>. Ty 2499 - 024 -87 5 525 38 - 12

(lanee no reKcry - Ivto4uSurarop <,Axnunon-TM>).
Moar,r$raxatop <,Axnranos-TM> BHocI{JII{ B pac-

rrnaBJreHHbrit arap B KoHrreHTpa\vrtx 0,5; 1,0; 2,0Vo,

roropr,lft pasnvBurLrB qaIIrKI4 llerpu no 20 ul. flocle
ero 3acTbrBaHnfl cBepnoM c AI4aMeTpoM oTBepcrl4.fl

7 uru Aerarr,I JIyHKTI, KyAa BHocI{JII,I arapoBblft <,61o-
qoK)> c .rucrorz ryrrrypofr MI4KpoopraHr'I3MoB,

llpune4euuble gKcnepl4MeHTuuIbHbIe pe3ynbrarbl

CBI,IAeTeJIbCTB).IOT, qro Kr4HeTI4qeCKa.fl oIIeHKa l4Htvl-
6uponaHuoro pocra 6uouaccu Hau6onee AocroBepHo
oro6paxaer npoqecc HaK onr.e:at ts. 6tttoMaccbl. 9ncrne
Kynbrypbl MIIKpoopraHI,I3MoB rlon) raJlr{ Ha rnep4oft
araponoft cpeAe (ucnorssoniull,I cyrorrHble Kynbry-
pu 6axrepr.uZ u rpexcyrorrHble Kynbrypbl rpu6on).
Onrrr npoBoAr4Jlc.fl B TpexKpatrofi noBTopHocrl4.
Execyrovuo r.r3Mepflnr.r Ar{aMerp 3oHbI pocra Mrr-
KpoopraHr43uon. KoHrporeM qBr.fl rc.a pocr Kynbryp
Ha arapoBoft cpe4e 6es N,roau$uKaropa <.AxsI,IBoH-

TM,>. KuHervr{ecKue Kpr4BbIe pocra 6axrept'tft 14Mr4-

KpocKonr.rqecKz x rpu6on, HMeIorII,Ie S - o 6pasuyro

Soprury, ilpr,rBeAeHbr Ha pvrc.7-10. Hauu paHee
rIoKa3aH MeroA aHaJrv3a KI4HeTI,IqeCKr4x KpI4BbIX pO-

cra uuxpo6r.ramuoft Kynbrypbl c I,IcrIoJIb3oB aHI,IeM

rorr4crr4qecroft (pynxqu u 147 l, csoAqrlplft cq K onpe -
AeneHr4ro KoHcraHTbr cKopocrl4 pocra K 

" 
v rtpucyl ct -

Bprr.r pa3Hbrx KoHrleHrpaq ufi 6vrotvqon [4 8 - 5 0] . Oru
KOHCTaHTbI npaKTI4rreCKI4 He 3aBUC,'IT OT KOHIIeHT-
pa\wr 6uorlraAog r4 pacqr4TbrBarorc.fl ras sFla.reunft
cxopocreft pocra Kynbryp B npr,rcyrcrBl{I,I pa3HbIX

KoJrr,rqecrB Ao6aBKr4 r{ KoHTpona (6es 4o6aoxlr),
orr.rcbrBarorqr.rx HaqzurbHyro r{ cTaIIuoHapHyIo cralvv
lruxpo6uarbHoro pocra, ro3Bor.fl rolqv e ycraHoBl4rb
pflr, aKruBHocrn BJrr4flHus 4o6asKra Ha pocr 5axrepnft
z rpu6on. IrlsnecrHo, .{ro 6oruuuHcrBo QepueHra-
rlrBHbrx peaxrluft (Orrrauyerl H.M.) [47], a raKxe
eS@ercunuaq KoHcraHra cKopocrr.I pocra rpu6nofi
KoJr o Hr.rr4 B rrpr4cyrcr suu 6vrorJvrAoB onr4 cbrBalorc.f,
cneAyloulr{M BbrpaxeHr.{eM:

b,: b"K,/(K"t Q,

r{ B rrpncyrcrnuu HIIC Ha Qynrncraurrnocrb

(1)

O6paseq Murepvura Pocr rpu6on na o6pasqe, 6alr (sona
ranrra6zponanvs. pocra n nur. cpege)

Oqema OysruqraAnlx csoft crs
Marepr4uura (no IOCT 9.049-91)

Konrportr IIC (6es HrIC)
O6paseql(IICcHr{C)
Konrponr CAH (6es Hr{C)
O6paseq2 (CAH c HHC)

3 (orcyrcrnyer)

0 (orcyrcrnyer)
3 (orcyrcrnyer)

0 (3 nu)

(DysruqrzAurrft e$Sexr orcyrcrByer

CuruHrrri $ynrzcraru.recKraft e@$err
(DynruquAnr,rft e$@exr orcyrcrByer

Clusnsrft $ynrucrarnuecxraft e$$err

34 .d{oppoens: Drarepriaror, salryrro' Ne 312018



MI4IIPOEI,IOIO TI4YECKAff I(OPP O 3 l4fl

Ee
Ez
E

!^
-Eo
j
JI

Fa
LO

E Eannur

& narcuuanunoe 3HatleHhe
6nouaccst, larr/cu2

niger v Pe4ici llium chrysogenum. VIHrur6rrpoBaHr,re pocra
6arrepuft ,npo.fl Br{ercq B yBenr4qeHlr{ nepr{oAa r4rl4yK-
quu (rar-Sasu) (ra6n. 3). flo6anra HHC cyrqecrneH-
Ho yAnr4Hser rar-$asy. B clyrae E. coli (cru. puc. 7)
.nar-Sasa Aocrr,rraer 4 cyr npr.r MaKcrrM€urbnoft ron-
IIeHrp arlrlr4 2% colepxaHns. vr:arvr6ur opa p o cra,
B ro BpeMfl KaK,qIsAB).D(Ipyrux 6arrepr{aJrbHbrx Kynb-
ryp Bacillus mycoides (cu. pnc. 8) u Micrococcusflavus
B eJlr4qr4Ha noporonoft KoHrIeHTpa \vvt tturu6r4rop a
cocraBrser I%. LlHas Kaprr,rHa uurr.r6uponaHHoro
pocra Ha6lro4aerc tr pll.tr MvrKpocKoruqecKzx rpz6on
Aspergillus niger (crvr. pvrc.9) v Penicillum chrysogenum
(crvr. prac. 11), ror4a rroAaBJreHpre pocTa HarrvtHaeTcfl.
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6
Pfic. 6. Drcronpanrma cpaBneHut oqeHKI{ 6noo6pacraxlrfl Mr{KpocKonr.rqecxJ4M rpn6o*r Aspergillqs nigel noJrxMepHbx Marep[aJroB, Bbr-
pallego,lr n 6allax, MaKcuMaJrbHoMy 3HaqeHrrrc 6uouaccrr rpu6uofi KoJroHr.tH ] 

^^ *(mrr/cu') (a)u ruarcumaJrbHoMy rrfic.rry aAre3]r[y*(n (A. floanmepu:
1 - uelno@an , 2 - agertutgeJrJrK)rro3a, 3 - IIMMA, 4 - [I9TO, 5 - IIO, 6 - crrrorra, 7 - $roponnacr

rae b,- e@$exrunHiul KoHcraHra cKopocrr4 pocra Ko-
rronuvrrpr,r6on B npr4clrcrBvlt6uoqvtaa; D, - e(fQex-
Tr4BHaq KoHcraHra cKopocrr4 pocra rpu6uoft xolouura
B orcyrcrBr{ e 6 u o qra4a ; C - roHqeHrp aryun 6uotlvga;
K" - roHcraHTa, KoJrlrqecrBeHHo paBHafl. KoHIIeH-
rpa\vur 6uoqra4a, [pr{ Koropoir bi: b"/2 tt Moxer
r{cnoJrb3oBarbc . l{lfl. oueHK}r aKTrrBHocrI4 6ytolJlr,na.

9ervr ueurue 3HaqeHl{.fl K 
", 

TeM cr4JlbHee npo.gBn fl -
er c x 6uotpraHuft e @$ err.

Kar nu4uo vr3 pr4c. 1 1 , nne4euH as. B arapugoBaH-
Hyro cpeAy lS6asxa HHC cyrqecrBeHHo loAaBrrrer
pocr KaK Ha HaqzuIbHoIZ, rax I4 Ha crarruouapuorZ
cr a4r4flx p ocra Mr4KpocKolr4qecKr4x rp tt6ov,4s p ergi llus
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Bpetun, cyr

Pnc. 7. Pocr -8. coli n araplreonaunofi cpege c pauruunoir xonqenTpauileft HqC

012345
BpeMs, cyr

Pnc. 8. Pow Bacillus mycoidesr arapuzonaunofi cpeAe c paslnunofi Kou{eHrpaquefi HqC

30

[pr4 KoHrleHrpa\vv05%HI{c r,r B rrepBbre cyrKr,rAo-
cTr,rraercs paBHoBecHoe 3Har{eHr,re pocTa. 9TI4 p$ynb-
rarbr rrpex4e Bcero yKa3brBaroT Ha pa3Hbre MexaHlr3Mbl

[eftcrBns. vtHrr46r4TopoB Ha ralacc MrrKpoopraHl{3MoB.
Ha pvrc. 1 1 npnne4eHa rr4crorpaMMa KoHcraHT Harriutb-
HOIO 14 Crarlr{oHapHoro pocTa Mr{KpocKorrr{qecKr.Ix
rpr46oB u6axrepvilr.

I,Is roryrenHblx pe3ynbraroB cneAyer, qro HrIC
pe3Ko TopMo3rr pocT MI,IKpOCKOITI4qeCKI4X rpr'I6OB,

npr4 gToM npeAenbHoe 3HaqeHI4e oIaouacclr noHll-
)Kaerc.fl B 2,5-5 pa3 (cM. pvc. 9, 10) u ue Haonrc-

I:AeTCfl. KOHIIeHTpaIITIOHHOft 3aBI4CpIMOCTrr KpI4BOft

pocTa 6raolraccrr, B To BpeMfl KaK B Cnyqae 6axtepvfit
HaonloAaeM rrocTerreHHoe TopMo)KeHI4e pocTa rlprr

36 .d{oppogrr: Mar€pilarrlr, 3arrrymD) Ns 3/2018
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Bpeua, cyr

Puc. 9. Pocr ,lsp ergillus niger s atapu3oBannoft cpeAe c pae.nnvnofi KoHueHrpaqueft HqC

Bpervrr, cyr i

Puc. 10. Pocr Penicillam chrysogenumB arapr,r3oBaHHoft cpeAe c pas;rnvnofi KoHueHTpauuefi H[IC
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Ao6asreuuu ue6omrurax KoJrl4qecrB HrIC. B clyrae
E. coli (cv.. puc.9) r,Iru6uponannoe AerZcrsue HaHoqa-

crr4rl rrpo{BJr{erc.fl ToJIbro npu 4o6aBIreHvIV 2% -soro
pagrBopa HrIC.

Paspyrarouee Aerlcrnue HVC nporeKaer rlo AByM
MexaHr43M#M: sneKTpOXlrMI{qeCKOMy, CBS3aHHOMy

c HaKo[JIeHI4eM 3ap.flAOB Ha [OBepXHOCrn Uenr6paHlr
KJrerKr,r, lr cso6oAHo-paAr,IKaJIbHoMy, KorAa Brrcso6o-

xrarorcrl cso6oAHrre paAr'IKiulbr, o6na,qaloul4e Bblco-

rorl pearuIr,Iouuofi cnoco6nocrblo lI llHr{qrrl4pylorll4e
rlerrHoe oKI,rcJIeHrre. Pearqprs HIIC c nepoKcI,IAoM

BoAopoAa npeArlonoxr4TeJlbHo AoJDKHa 6rrrr oAnprIvt

us $arropoB, BbI3bIBaIouII4x rlorra.qaHue IloHoB ce-
pe6pa BHyrpb LrIerKI,I. Oxzcnenze aroMoB cepe6pa
nepoKcrlAoM BoAopoAa c nonyqeHr'IeM I{oHoB cepe6pa

flBrrfleTcfl TepMoA[HaMI4qecKr npeArloqrl4TeJrbHbrM.

0
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tr Kc Haq*10 3 un/r
Kc crau.*l0 3 un/r
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Bacillusmycoides Micrococcus
flavus

Kar ugsecrFlo, KIIAB ycKopqlor pacnaA rl{AponepoK-
cr{AoB c o6pa3oBaHl4eM cBo6oAHr,rx paAl4Ktulor [51]:

H2O2 -+ H+ + HOO- (HOO-)-+ O'* OH ;

HrO, + HOO- -+ HO' + O, + HrO.

B pa6ore rloKa3aHo, lITo I4oHbI cepe6pa n pacrBope

44COp6r4pOBUuII4Cb Ha MI4I\eJr414 ) B3aI4MOAeft crByq c xI4-

Mr,rqe cKI4MI{ QyHrquoHalbHbIMI{ rpynnaMll, TaKI4MI4

KaK aHr4OHbr Kap6oKcl4nara, Kap6oKclIJIoM I'I rer-
Tr4AHOfr CBrr3r4 rrpoTe I,IHOB, II{ApOKCI4nOM CaXapI,IAOB,

HaxoAflxlr4xc.fl Ha Muueruu 152].
Ih4ponepoxclrrbr - [epBI4r{HbIe npoAyKTbI oKI{c-

re}i^vIfl. MHOrr4X OpraHI,IqecKI,IX BeIIIeCTB MoneKynqp -

HbrM KrrcJropoAoM, caMonpolr3BoJlbHo o6pa3ylorcfl
B Marepr{anax I4 rlpoAyKTax, a TaICKe B xoAe 6voxutwu-
r{ecKl4x npoueccoB B )KI4BbIX OpraHI,I3MaX. cOSr4eCrUOe

4eftcrnue KIIAB u coeALIHeHuft lrerallon (rono-
reHHbrx KaraJIIr3aTopoB oKr4cne Hr'Iq yuleBoAopoAoB)

HOCI'IT CI,IHEPIETI4IIECKI4II XAP AKTEP. II OIYVEUTTT,TE

npu pacnaAe nep oKcI{Aa p aAI4KzrJIbI AI4$@yHAr{pyIor
n rrrelr6paHbr KJTeTKI4, pa3pyuaq ee ueJIocTHocTb.
B cnyrae ropMoxeHI4JI pocra MI4KpocKotIuqecKI4x rpl4-
6on npenantpyer MexaHusra cno6orn oparLrKaurbHoto
pa3pyrreHr,rfl., TaK KaK MbI ne na6rrcAaeM KoHueHT-
parywouuoft. 3aBvIcvIMocrrr, B To BpeMg. KaK B cnpae
nos4efrctsr4fl. Ha 6aKTepvr4npeBarl[pyer oJIeKTpoxIr Mr{-
.recKurl ldexaHl43M, ua6rrcAaerc.rr KoHIIeHTpaIruoHHa.tI

3aBr{cr,rMocrb noAaBJre HVfl. p o cr a 6arrepuft . Hr{ c
cop 6r,rpyror eq, Ha rloBepxHo cru lreu6p aubl KJIerKI4,

3areM rrpoHr.rKaror vepes ueu6paHy BHyrpb KJrerKr4,

BbI3bIBA,'I EC JII43I,IC.

Aspergillus niger Penicillium
chrysogenum

E. colli

Bug rpu6oe u 6arrePvli

Puc. 11. Ikcrorpatrnra KorrcraHT HaqaJrbHoro H craqr{ouapuoro pocra MrKpocKonuqecxr'rx rpu6on u Oarrepuft B arap[3oBaHHofi cpe4e

n npncyrcrnnu HHC

H e cu orpn u a 6 o:rr ru o e KoJIuq e crB o rty 6 tluxarytril,
Borrpoc MexaHI43Ma Aeftcrslas Hr{C na pocr I'I cnopo-
HO[reHr4e KJIeTOK MI'IKpOOpmHI43MOB OcTaerc.fl oTKpbI-

rrtru. Moxno paccMorpert Aeftcrsl4e Hr{C rro aHa-

Jrofr,ru c 6uour'I.[HbIM BJII,IflHI4eM XI4TO3aHa Ha pocr
Fusarium Oxysporum qepe3 cHIDKeHI4e paAr{anbHoro

pocra r.r rroHr4)KeH[e ypoBH.fl crlopoHollreHl4q [53].
B pa6ore [peAno)KeHbl rpl4 KoHuerrqllll MexaHI43-

rr,ra. Bo-nepBbIX: [poqBneHl4e aKTI4BHOCTI4 B pe3yn['-

Tare B3ar{MoAetlcrsuq rroJIo)KI,ITeJIbH o 3ap.fl xte HHbIX

MoJreKyn xllrosaHa 6raro4apfl. aMMoHI{eBbIM rp}mnaM

c oTpI{IIaTenbHo 3ap.tDKeHHbIM OCTaTKOM Ha noBepxHo-

cru ruerr6pausr rpu6uoft KJIerKr4, Koropoe [pr'IBoAI'IT

K pocry rrpoHl,IuaeMocrl4 IrJIa3MbI rlepe3 uelr,t6pauy

[54]. Bo-nropblx: xl4ro3aH Moxer rlpoHl4Karb n rpu6-
Hyro KIrerKy [55], I,rHrIa6l4pyq cuHre3 PHK u 6erxos

t56]. B rper[,I4x, xl4ro3aH npoqBnfler xenarHylo aK-

Tr.rBHocrb MerzuIJIoB K sJIeMeHTaM cnop (oco6eHso

K nr4rareJlbHblM Belqecrnau) t57]. B cny'{ae Hr{C

3. 3ua.reHr.rs r{HA}'KrIr{oHHoro replroAa (cyr) pocra
MrrKpocKorruqecxnx rpu6on u 6anreprafi B llpqcyrcrBl{u
pasHbrx KoHueHrpalluft HqC

Tecr-opranuuvt
KosueurpaqustHI{C,%
0 0,5 1 2

Bacillus mycoides

Micrococcus Flavus

E. coli

Aspergillus niger

Pen ic i I I i u m c hrysogen um

0

0

0

0

0

0

0

0
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Bepo.srHee Bcero ABe nepBbre KoHrlelur4r4: HrIC
lpr4KpennqrcTcs K [oBepxHocTr4 KneToqHoft MeM6pa-
Hbr r4 Hapy[aroT ee rrpoH]ruaeMocrb, MoAr4or4r\r4pyfl,

rloreHlrl4an tr r4Hrn6rrpyq AbrxaHne KJrerKr4. Csssr,
HVC c rr4oJrbHbrMr.r rpylnaMr.r nporer,rHoB 6axtepvvt
HapynaeT r{x aKTr4BHocTb 14 BeAeT K cMepTr4 rclleTKr{

[58]. Kax 6uJro orMeqeHo paHee, MexaHr.r3MAefi,crsprfl,

HaHocrpyKrypHbrx qacrr4u cepe6pa Ha KJrerKr4 Iraro-
IeHHbrx Mr4KpoopraHr43MoB npoAoJDKaeT r,r3yqaTb.c_fl .

flo naueuy MHeHr4ro, BnpynwryrHrre, 6artepu-
uI4AHbIe, @yHruqu4nbre v KaraJrurlrqecKr{e e@@ercu

[etrtcrsvfl, HrIC .qocrr.rrarorc.fl flpexqe Bcero 3a cqer
Huvrsus. aKrrzBH oro Kariurr,rrrzqe cKoro e (f (f erra HH C,
co3AaroilIr4x B noBepxHocrHoM cnoe 9neKTpr4qecKoe

rroJre c Hanp.DKeHHocrbro 2'10' B/tt u 6oree, vro
o 6e cnequsaer flplr conpr4KocHoBeHr4r.r c Mr4Kpoopra-
HI43MaMLI BO3HI4KHOBeHT.Ie I4MnynbCHOrO KOpOHHOTO

pa3pflIa, [pl4BoArrrqero K rroAaBneHzro KoHTaKTI4py-

rcilIux c lur4v'vr MI4KpoopraHI43MoB. flpu erolr,r pa3py-

ruaroilIee Aeftcrnrae cepe6pa Ha KJIeTKI,I rIaroreHHbIX

Mr4KpOOpraHI,I3MOB Irp OTeKaeT npe14MyIqecTBeHHO

rro AByM MexaHI43MaM: 9JIeKTpOXI4MI4qeCKOMy, CBf-
3aHHOMy C HaKOTTJIeHZeM 3ap.flAOB Ha noBepxHocTr'I

lreu6paHu KJIeTKI,I, u cso 6oAHopaAl,IKiulbHorrly [ 5 9,

60]. 9pesnu.rafiHo BaxHo ) {I4rblBarb, 'rro 614ororl'I-
.recxoe Aeftcrnue cepe6pa o6ycnoueno ero KarzuII4TI,I-
qecKI,IMLr ceoftcrsaN4u rlo orHoIrIeHr.IIo K HeKoropblM

KrIIoqeBbIM Mera6oM.{ecKI4M npoqeccaM, qro, B cBolo

oqepeAb, Moxer cBr{AereJlbcrBoBarb o6 arr[saIII4L'I
ecrecrBeHHoft anruorcprAanrnoft saxrllTbl opraHl43Ma

Ha BBeAeHUe qyrKepoAHoro areHTa.

Bnrnolrr

I4 sr oxe u rr 9 Kc rI e p I,I M e HT a JI b H bI e p e 3yn br arbl
r{ccJreAoBaHltft. no paspa6orre u co3AaHI,Irc HoBoro

rroKoJreHrlrr Mo,qn(br,rqupyrotqux cocraBoB c BBeAeHIaeM

n uux Hr{C, [pI4MeHteMbIX B rIepcleKTI4BHbIX TexHo-

JIOrlIqX, COCTaBaX pa3nI4r{HbIX BeITIeCTB 14 MaTep}liUIOB

Anq npuAaHvfl. v:v, HoBbIX 6lrororraqecxrlx, Qusraro-
xI,IMI4qecKI{x csoft crs I4 TexHl4qecKr4x xapaKTepplcrl4K.

K ulrcry HoBoro rIoKoJIeHI4s rr.rolu@nqrapylouux
cocraBoB c BBeAeHI4eM B Hr,IX HIIC npeNue Bcero
orHoct4rc-fl npenapar cepe6pa s noAHofi rkrcflepcvvr
<.ArcsuBoH -TM>>, BKrlovatoruv ft : xonueHTpar KolIJIo -
r,rAHoro c ep e 6p a s s oAuoft 4r4crrep cprvr, rIoJrI4 Br{HI,IJI o -

nuft cnlrpr, naK aKpl,Inonrrri, ru4poQo6zsarop, no4y
p.rrc"rkrnnvp onaunyrc [ 9 ] .

IloxasaHo, uro o6pa:qrr [onI,IMepoB ll: fIC u CAH
c HH C o6ra4aror Bblpa)<eHHblrr,na @yHrr,rqI,IAHbIMI4
csoftcrsay-u, B To BpeM.fl KaK KoHTpontHtre o6pasqrr
9Tr4Mr4 csoficrsaN.{u ne o6laAator. Panee Ha rlpl4Mepe

Aplroro corroJluMepa (erruena c 1,5% CO) uarr.ru no-

Ka3aHo, rrro ero rrJIeHKrr B orcyrcrBr{e HHC ne o6la-
4ator @yururlr4AHbrMr4 csoft crs aN{I4 [ 6 1 ] . Paccnrorpeu
Bosr4oxHrrft MexaHr43M sogAelZcrslzs HVC Ha MI4-

Kp ocKonr4qecKr{e rplr6rr v 6axt epvvt llpeAloxeH
sKcrrpecc-MeroA orIeHKr4 6uoqraAnoro .qelZcrsus HYC
Ha pocT Mr,rKpoopraHr43MoB nocpe.qcTBoM onpeAene -
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